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Preface 


The first edition of this book was designed as a concise collection of 
important organic named reactions, rearrangements and reagents, 
along with their mechanisms and synthetic applications. The response 
to the book was quite satisfactory and | received numerous 
suggestions from teachers all over India. A common suggestion was to 
increase the scope of the original book by adding a chapter on the 
mechanisms of organic reactions. This has been done in this edition. 
Apart from this a few reactions and rearrangements have been added 
in the second chapter. 


1 ат thankful to my colleagues for making valuable suggestions. | hope 
that this edition will come up to their as well as the students’ 


expectations. 


Somorendra Nath Sanyal 
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Chapter 1 


Mechanism of Organic Reactions 


Introduction 


Organic reactions involve the breaking and making of covalent bonds. Chemists are not only interested in 
what happens in a chemical reaction but also in how it happens. With the accumulated knowledge chemists 
can design newer molecules. 

The breaking and making of covalent bonds usually occur in several discrete steps before 
transformation into products. The detailed sequential description of all the steps of the transformations into 
product(s) is called the mechanism of a reaction, 

The mechanism of a reaction is satisfactorily established if intermediates involved in ай the steps can be 
isolated but which is unfortunately seldom possible. There are a number of guiding principles which help us to 
predict the diferent steps of the reaction. By judiciously considering these guiding principles and the 
stereochemical aspects, the different steps of the reaction can not only be explained but also the products 
under different conditions can be predicted. 

Complete information regarding all the steps is seldom oblained. However, a good deal of dala can be 
gathered from the following: (a) study of the kinetics of the reaction, (b) isolation of the intermediates if 
isclable, (c) study of the reaction in the presence of other similar substrates, (d) study of the isotopically 
labelled atoms in the reactants, (e) trapping of free radicals, () crossover experiments, (9) stereochemical 
aspects, etc. 

‘Study of reaction is an important part of theoretical organic chemistry. The knowledge enables us to 
predict the products from nearly similar substrates and what is more Important is to discem a pattern in 
apparently diverse reactions. The conditions ol the reactions may be altered to afford better yield of one or the 
other product(s) and sometimes a completely different product. The revolutionary advances in organic 
chemistry, like the wid fire in the wood, have been possible through the knowledge of the pattem of organic 
reactions. They have thus provided chemists invaluable guidance in synthesizing a large variety of essential 
organic compounds such as drugs, vitamins, hormones, natural products, cosmetic aids, synthetic fibres, 
insecticides, fuels, explosives, etc. 

As we are interested in carbon compounds, we shall first study as to how the carbon atoms form bonds 
with each other and with other atoms, 
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TYPES OF CHEMICAL BONDS 


Organic compounds differ trom inorganic compounds in the types of bond formation in the two classes of 
compounds. A brief study of the electronic theory of bond formation will be helpful. 

Modern physics states that atoms consist of central positively charged nuclei surrounded by a number 
of electrons. These electrons arrange themselves in dilferent shells. The shells have different energies and 
different maximum capacities for electrons—two in the first shell (K shell), eight in the second shell (L shell, 
eight or eighteen in the third shell (M shell), etc. 

It is known that elements with completely filed shell are inert (stable), e.g., He (2 electrons in K shell), 


Ne (8 electrons in L shell), Ar (18 electrons in M shell). He, Ne, Ar, etc., are, therefore, called inert (noble) 
gases. 
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W Kossel and G N Lewis in 1916 suggested that all elements try to achieve the inert gas configurations 
by changing the number of electrons in their outermost shells. This tendency results in the union of elements 
or bonds. 


Electrovalent or ionic bond ` 
Two elements can achieve stable configuration (Le, inert gas configuration) by transfer of electrons from опе. 
element o the other. This results in the formation of oppositely charged atoms (ions) which are bound together 
by electrostatic attraction. This type of bond is called electrovalent cr ionic bond. 

Thus, 


Isoslectonic isoelectronic 
wilh He with Ne 


‘The elements in the beginning of a row in the periodic lable can easily acquire their nearest inert gas 
configuration by losing electrons and those at the end of a row by gaining electrons. The former elements are 
called electropositive and the latter elements are called electronegative. Thus, ionic bonds are formed 
between electropositive and electronegative elements. 


Covalent bond 


Since it is increasingly dificult to extract a number of electrons from an element due to increasing 
development of positive charge on it, in general the charge on a simple cation is limited to +3 even when the 
inert gas configuration is not attained. The reverse is similarly true. 

Hence, the elements in the middle of a row can neither gain nor lose electrons to achieve inert gas 
Configurations. Also, the transfer of electrons between two electronegalive or between two electropositive. 
‘elements cannot confer inert gas configurations to both the elements. 
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In such cases, both the elements can acquire the desirad inert gas configurations by mutually sharing 
pairs of alectrons—each element contributing an electron to tho shared pair. Tho shared electron pair thon. 
belongs to both the elements, The shared electron pair binds the two nuclei, and tho bond so formed ls called 
а covalent bond, 


енн: 
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The covalency of an element is the number of covalent bonds It сап form, Thus, the covalencios of 
hydrogen, oxygen, nitrogen and carbon are 1, 2, 3 and 4 respectively, To satisly the covaoncy requirement, 
elements often have to form multiple bonds (double or triple) by sharing more than one pair of electrons, Thus, 


"; an 
HH 


н 
сеси": ни 


н 
иат 

Po 
ЫЫ А. 


When pait(s) of electrons remains unbonded, as in oxygen and nitrogen in the above compounds, the pair(s) 
is called lone pair or non-bonding electrons. 

The covalent compounds, unlike ionic compounds, are uncharged. However, when the bond is between 
two dissimilar elements, the shared pair shifts slightly towards the more electronegative of the two elements. 
The covalent bond, in such case, is slightly polar which is indicated by 45 and -8 signs. 
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The N—H, O—H and С—С! bonds are called polar covalent bonds. 


Coordinate covalent bond, dipolar bond or semipolar bond 

When one element has two electrons short in its outermost shell and the other has a complete outer shell with 
опе or more spare pairs of electrons (опе pair) then the lone pair may be shared by both the elements. Such 
а bond is called coordinate, dative or polar bond. Thus, 
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This type of bond is also called a semipolar bond, since a species with completely vacant shell (e.g, a proton) 
‘may complete its shell by gaining a share cn the pair of electrons of the donor element, which is then positively 
charged. 


N 
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This is essentially a covalent bond, only the resulting species is charged. Il is different from ionic bond as also 
from covalent bond since electrons are neither completely transterred nor mutually shared. 


ORBITAL THEORY 
The operation of electrostatic force is understandable in ionic bonds but the concept falls to account for the 
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force of attraction between elements bonded by covalent bonds. Thus, the description given in the preceding 
Section does not account for the strength of the covalent bonds and also the shapes of the molecules formed 
by covalent bonds. To understand this, itis necessary to study the molecular orbital (MO) description of the 
covalent bonds. 


Atomic orbital 


According to modem concept the electrons in an atom are arranged in shells of different energy levels around 
the nucleus. The shells of diferent energy levels are indicated by the numbers 1, 2, 3, ..., or by the letters K, 
LM, .... starting from the nucleus. The energy of the shells increases in the order: 1 -> 2 —› 3 — ~... Each 
shell can accommodate a definite number of electrons which is twice the square of the shell number, e.g., the 
first shell has 2 x 1° = 2, second shell has 2 x 2° = 8, third shell has 2 x 3° = 18 electrons, etc. 

Within each shell there are energy subshells or sublevels. These energy sublevels are designated s, р, 
Чапа! according to the sharp, principal, diffused and fundamental lines respectively they produce in an X-ray 
spectra. The spectral lines indicate one s, three p, five d and seven f levels of energy. 

Electrons of different energy levels are present in discrete volumes of different shapes, sizes and 
orientations in the sublevels. around the nucleus. The discrete volume in space around the nucleus where the 
probability of finding the electron of a particular energy level is greatest is called an atomic orbital. The concept 
of orbital emerged from Heisenburg uncertainty principle and wave nature of electrons—an electron does not 
move in an orbit round the nucleus, itis in a diffused state. Thus, orbitals can be visualised as diffused charge 
Clouds of different shapes, size and orientations within the subshells around the nucleus. 

Different shells contain different types and different numbers of orbitals. The shell number gives the 
number of types of orbitals and the square of the shell number gives the number of orbitals. 


Shell no.: 1K) 2 3M) AN) 
Types of orbitals |s зр s pd ETTTI 
No. of orbitals d^ 2+1+3 F=1+3+5 1634847 


Otbitals of different shells are differentiated by prefixing the shell number: the s orbital of first shell is 
denoted as 15 orbital, the s and p orbitals of the second shell as 25 and 2p orbitals and so on. The energy of 
the orbitals increases in the order: 1s — 2s — 2p 

|, According to Pauli exclusion principle, any one orbital can accommodate up to a rhaximum of two 
electrons with paired spin (11 1 

The general rule is this that orbitals are filled to capacity with electrons starting from the lowest-energy 
orbital. A higher-energy orbital is not used until the next lower to it has been filed to capacity. The energy 
difference between the orbitals of two shells is greater than the energy difference between the two types of 


* A spinning electron creates a small magnetic fied, i.e., it behaves as а tiny magnet. Two oppositely spinning electrons 
are like two small magnets with their opposite polos in the same direction. This causes attraction between them. 


N N N s 
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Repulsion Attraction 


should, however, be remembered thal the spin of an electron is some kind of property and is not actually spin. 
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orbitals in the same shell. Thus, the energy difference between 1s and 2s orbitals is more than that between 
25 and 2p orbitals. The relative energy levels, the maximum capacities of electrons with paired spin of a few 
shells are given in Table below. 


Shell energy Orbital capaciles — Noctelecuons 
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In orbitals of equivalent energies (degenerate), Ihe most stable arrangement is the one where all the 
unpaired electrons have parallel spin (Hund rule)" 
Thus, the electronic configurations of some elements аге: 
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Shape of atomic orbitals 


As we are mainly concerned with the first-row elements of the periodic table, we will restrict our discussion to 
спу s and р orbitals without going into the details of how their shapes and orientations bave been determined 
by quantum mechanics. The s orbitals (1s, 25, 3s, etc.) are spherically symmetrical about the nucleus. 
‘Obviously, the 2s orbital is bigger than the 1s orbital. It surrounds the nucleus from a distance. Between the 
1s and 2s orbitals there is a zone called nodal zone where the probability of finding the electrons is zero. 


Rotating electrons (charged particles) create а small magnetic field. When electrons ara placed in an external magnetic 
field, the lowest-energy state vil be the one when the magnetic fields of the rotating electrons are aligned with tha. 
applied field and higher-energy stale when aligned against 
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The p orbitals (2p, 3p, 4p, etc.) are dumb-bell-shaped. There are three p orbitals each of the same shape 
and energy, which are directed at 90° to each other with the point of intersection at the nucleus of the atom. 


Hence, they are designated 2p, 2p, and 2p, to indicate their directions along the cartesian coordinates, The 
probability of finding the electrons of 2p, orbital along the yz plane passing through the nucleus is zero. This 
plane is called the nodal plane. For electrons of 2p, and 2p,, the nodal planes are xz and xy respectively. It is 
for this reason that the three 2p orbitals do not mix up ordinarily. The 2р orbital extends slightly beyond the 


radius of 2s orbital. The shape of d orbital (five) is double dumb-bell and the shape of f orbital (seven) is 
rosette. 


Overlap of orbitals 

When parts of atomic orbitals (AOs) of two atoms occupy the same space on being brought closer, it is called 
overlap of orbitals. The overlap of two AOs results in the formation of two new orbitals called molecular orbitals 
(MOs). These МОз are common electron clouds encompassing the nuclei of both the atoms and contain two 
electrons. Mathematically it has been shown that the addition of two AOs generates a bonding MO and 
subtraction of one AO from the other generates an antibonding orbital. This method of overlap of AOs is called 
а linear combination of atomic orbitals (LCAO). [The argument for the generation of the two MOs by LCAO 
‘method is this: each AO can accommodate up to a maximum of two electrons so the combination of two AOS 
should be able to accommodate four electrons for which two MOs should exist In the bonding MO both 
electrons reside mostly between the two nuclei in the ground state and hence aid to the binding of the two 
nuclei. The bonding MO has lower energy than the two AOs. In the antibonding MO the electrons are at a 
greater distance from either of the nuclei than in the individual AOs. Hence, the antibonding orbital does not 
aid to the binding of the two nuclei and is of higher energy than the AOs. 


AO мо ло 
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Itis for this reason that two filled orbitals cannot successfully overlap, since a pair each will be in bonding and 
antibonding orbitals. The net result will be the binding force of the bonding MO will be cancelled by the 
antibonding MO. Hence, Не, is not known. 


Bonding 
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The antibonding orbitals will be ignored as they are not occupied by the electrons in the ground state. 
Sigma orbital: Sigma bond When two hydrogen atoms approach close enough, their 1s orbitals, each 
containing one electron, overlap with the formation of a common molecular orbital. 


№ 


B+ O—- Qos 
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As the MO has a shape nearly similar to s orbital, it is called a c orbital from the Greek letter с corresponding 
tothe letter s. The electron cloud is more dense along the internuclear axis and hence binds the two positively 
charged nuclei firmly. Hence, a a bond is a very strong bond. 


Sigma-bond orbitals can also be formed by the linear overlaps of s and p orbitals, p and p orbitals, 
between hybridized orbitals and between s and hybridized orbitals. The latter two types will be taken up later. 


Q:oo-cs OO: OO—~ o 


р a Р 


Pi orbital: Pi bond The МО formed by the sideways overlap ol two р orbitals perpendicular to the internuclear 
axis is called a л orbital and the bond called x bond from the Greek letter л corresponding to the letter p. The 
shape of л orbital is different from that of а orbital. There are two regions of electron cloud, above and below 
the line joining the two nuclei. Since the л electrons are not in the internuclear axis, the binding effect is partial. 
Therefore, the л bond is not as strong as the о bond; they are loosely held. 


Hybrid orbital. Formation of covalent bonds by the overlap of orbitals is accompanied by the release of 
energy. Greater the overlap, greater is the energy release and greater is the stability. In the formation of 
molecules greatest stability is endeavoured. For this, elements try to mobilise ай their valence electrons by 
mixing the atomic orbitals of the outermost shell and producing new type of orbitals called hybrid orbitals, This 
is in fact a redistribution of energy. 


The hybrid orbitals have different shapes from the orbitals rom which they have been hybridized. Thus, 
the hybrid orbital farmed on mixing s and p orbitals has the shape of a р orbital but with one lobe smaller than 


the other. 


Hybrid oral 


From its shape it is evident that it is more directional and can overlap better with other orbitals than either s or 
p orbitals, producing stable bonds. 


FORMATION OF COMPOUNDS OF CARBONS 
Formation of CH, (carbon-carbon single bond) Let us consider the formation of а methane molecule. 
Experimental facts about mathane are: 
() It has four equivalent C — Н bonds. 
(i) The H- C.— H bond angle is 109928". 
(ii) Itis а tetragonal molecule, l:e., the four hydrogens aro at the four apex of a regular tetrahedron with 
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carbon at the centre, 
(iv) The bond energy of a C — Н bond is high (102 kcal/mol). 


The electronic configuration of an isolated carbon in tho ground stale lo 19/29 2p. In which two unpalrod 
electrons are available for bond formation, Lo. carbon should be divalont, Allhough divalent carbon 
compounds such as :CC}, or CH, aro known, they aro highly unstablo and in majority of compounds, carbon 
exhibits tetravalency. 

Hybridization То have four equivalent C — H bonds, carbon should have four equivalent orbitals with one 


unpaired electron in each, To achieve this, it unpairs one of the two electrons of 2s orbital and promotes it to 
the vacant 2p orbital, 
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The unpairing and promotion of electron from 2s to 2p orbital need energy which is more than 
‘compensated by the large amount of energy released in the formation of two extra bonds. 
Now, the four orbitals have one electron each and so can form four С — Н bonds. However, these four 
C Н bonds will not be equivalent since the three 2p orbitals have higher energy than the 2s orbital. Also the 
2s and 2p orbitals have different overlapping capacities. Therefore, in order to have four equivalent orbitals, 
the four orbitals (one 2s and three 2p) are mixed up, i:e., hybridized to produce four new equivalent orbitals 
called hybrid orbitals, These four hybrid orbitals are called sp’ orbitals as three p and one s orbitals have been 
mixed. as 
a п 


вопыт 


1] 
то avoid maximum repulsion between the electrons, the four hybrid orbitals take up a tetrahedral direction. 


‘The angle between the axes of any two sp. orbitals is 108°28' when mathematically calculated. Orbital picture 
of the process is given below. 
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For the formation of methane, four hydrogen atoms, each wilh one electron in 15 orbital, overlap with each of 
the four sp” orbitals axially. Each bonding MO is.a a orbital, i.e.. four C — Н «bonds are formed. 


Axial overlap 
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This explains the geometry of the molecule and the C — Н bond strength. 
Formation of ethylene (carbon-carbon double bond) In ethylene, each carbon is bonded to two hydrogen 
atoms and one carbon atom with o bonds. For this, each carbon hybridizes the 2s orbital with two 2p orbitals 
to produce three эр? orbitals to form three strong « bonds. To attain the state of lowest energy, the three sp” 
orbitals are directed at 120° to each other in a plane, The geometry of sp" carbon is, therefore, triangular 
planar. The remaining unhybridized 2p orbital is perpendicular to the plane. 
2p 
Е E 2p 
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In the formation of ethylene molecule, one of the sp" orbitals on each carbon overlap axially to form a 


strong C = C о bond, The remaining two 5р? orbitals on each carbon overlap with the 15 orbitals of four 
hydrogen atoms to form four C – Н с bonds. 


‘The remaining unhybridized 2p orbitals on each carbon are vertical to the plane containing the carbon 
and hydrogen atoms. These 2p orbitals are parallel and overlap laterally to form 7 bond. The bonding x MO is 
situated above and below the plane containing the atoms of the molecule 


The binding effect of the x bond is reflected in the bond distances, e.g., the C = C distance is 1.33 A and 
C- C distance is 1.54 A. The lateral overlap in x bond is less effective in binding the carbon atoms than the 
axial overlap in « bond. Thus, the bond energy of C — C is 83 kcal/mol and that of C = C is 143 kcal/mol and 
по! double of 83 kcal/mol. 


‘The reactivity of unsaturated molecules is due to the more exposed and loosely held 7 electrons, 


Formation of acetylene (carbon-carbon triple bond) In acetylene each carbon is bonded to the other carbon 
and one hydrogen atom. For this each carbon hybridizes 2s orbital with one 2р orbital to produce two sp" 
hybrid orbitals. (Atoms usually mobilize as many hybrid orbitals as it has to form strong с bonds). The two 
sp orbitals take up a diagonal position to avoid repulsion, i.e., the angle between the two sp' orbitals is 180°. 
These two sp! orbitals on each carbon form two « bonds—one between the two carbons and one with 
hydrogen. 

The'residual two unhybridized 2p orbitals on each carbon are at right angles to each other. Hence, the 
2p orbitals on one carbon which are parallel to the 2p orbitals of the other carbon, overlap laterally to form two 
bonds, Thus, there are three bonds between the two carbons—one с and two x bonds, The л-еїесїгоп cloud 
is symmetric around the C — C с bond and exposed to reacting species. 
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Bond frmaton 
The molecule is linear. The C С bond distance is 1.20 A and the bond energy is 194 kcalimol, 


FACTORS INFLUENCING REACTIVITY 


Reagents which are charged species can attack a particular bond only when there is imbalance of electron 
density, |.e., polarity. The saturated hydrocarbons are unreactive (hence the name paraffins) since there is по 
polarity їп C — C bond and practically no polarity in C — Н bond, thus giving hardly any opportunity to the 
reagents (electrophiles and nucleophiles) for the attack. Hence, to study the reactivity of a molecule it is 
necessary to study the structural factors which cause electronic imbalance in a particular bond. There are a 
umber of such factors as given below. 


INDUCTIVE EFFECT 
The electron cloud їп a с bond between two unlike atoms is not uniform. It is more dense towards the more 


electronegative of the two atoms, i.e., the electron pair forming the a bond is slightly displaced towards X. This 
permanent state of polarization is called the inductive effec. 


EC. а 


The atom X thus acquires a slight negative charge (8 ) and the carbon atom a slight positive charge (8 ) ie. 
the bond is polarised. If the electronegative atom is joined to a chain of carbon atoms, the positive charge on 
the carbon atom is relayed to the other carbon atoms. 


&—%—&—&-— 


Since C, is slightly positively charged it exerts a pull on the electrons forming covalent bond between С, and 
Cz but less strongly than X on Сл. The effect thus rapidly dies out, Hence, the effect is not significant beyond 
the second C-atom. This electron displacement relayed through а bonds, albeit through a short distance, is 
known as inductive effect. The effect is permanent but feeble (since it involves shift of strongly held -bond 
electrons) and other stronger factors may overshadow this effect, 

Inductive effect may be due to atoms or groups. Relative inductive effects have been measured with 
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reference to hydrogen. The order of electron-vithdrawing effect is: 


NO; > F> СООН > Cl» Br» 1» OH > OR > CH,» H> MeC- > Me,CH- > MeCH,- > CH; 
Electron-withárawing (-1 effect) Electron-releasing (н effect) 

The alkyl groups are less electron-withdrawing than hydrogen and are therefore considered as 

electron-releasing. Electron-withdrawing character is indicated by -I effect and electron-releasing character 


by +! effect. The effect is additive—the greater the number of electron-withdrawing groups the stronger is the 
effect. 


Applications 
Inductive effect is useful in correlating structure with reactivity. 
(а) Acid strength of aliphatic carboxylic acids The strength of an acid depends on the extent of its 
ionization—the greater the ionization the stronger is the acid. The strength of an acid is denoted by the 
numerical value of pK, (pK, = ~logyoK, where К, is the acidity constant). Smaller the numerical value stronger 
is the acid. 

їп acetic acid, the electron-releasing inductive effect of methyl group hinders the breaking of O – Н 
bond; consequently reduces the ionization, This effect is absent in formic acid. 


° А o ? 
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Greater ionization in formic acid over acetic acid makes formic acid (pK, = 3.77) stronger than acetic acid 
(pK, = 4.76). Monochloroacetic acid (pK, = 2.86) is stronger than formic acid since -1 effect of chloüne 
promotes ionization. As this effect is additiva, trichloroacetic acid (pK, = 0.66) is a stil stronger acid. 

When an unsaturated carbon is conjugated with the carboxyl group, the acid strength is increased, This 
is because with the increasing s contribution to the hybrid orbitals, the electrons are progressively drawn 
closer to the nucleus of the carbon resulting in the increase in -| effect. Since the s contributions in sp, sp" and 
sp" orbitals are respectively 50%, 33.3% and 25%, the order of -I effect of hybrid orbitals is sp > sp > эр? 
This is reflected in the рК, values of the following acids. 


CHy—CH,—COOH ^ CH,-CH-CO0M нс=с-соон 
Propanoieaci(iB8)  Propenoicacid(8.28) — Propynoic acid (1.84) 


(b) Aromatic carboxylic acids The а carbon of benzoic acid is sp-hybridired. Hence benzoic acid 
(рК, = 4.20) is a stronger acid than its saturated analogue, cyclohexane carboxylic acid (pK, = 4.87). 
Eleciron-withdrawing groups substituted at o- and positions enhance the acid strength. 

(©) Dioic acids Since carboxyl group is itself an electron-withdrawing group, the dioic acids are in general 
‘stronger than their monocarboxyl analogues, e.g., 


H-COOH (377) HOOC-COOH (1283) CH,- COOH 476 НООС - CH, - COOH (283) 


The electron-withdrawing effect of one carboxyl group over the other falls off sharply on separating the two 
carboxy! groups by at least two saturated carbons. 

(d) Aliphatic bases The strength of nitrogenous bases depends on the ease of availability of the unshared 
electron pair on the ritrogen-atom to the proton. Due to the increasing + effect in amines, the order ot base 
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‘strength should be NH; < MeNH, < Me,NH < MeN. However, the pK, values аге 9.25 (NH3), 10.64 (MeNH;), 
10.77 (Me;NH) and 9.80 (Me,N). The pK, value (ог the base B: is a mesasure of the acid strength of its 
conjugate acid В®:Н. Stronger the acid BH, weaker is the base B:. In other words, smaller the numerical 
value of pK, for the acid, В?Н, the weaker is the base B:. From the pK, values it is seen that 2° amine (10.77) 
is a stronger base than 3° amine (9,80). This is because the base strength of an amine in water depends not 
‘only on the ease of availability of lone pair but also on the extent of solvation of the protonated amine by 
hydrogen bonding. The protonated 3° amine has one and protonated 2° amine has two hydrogens on the 
nitrogen for hydrogen bonding. 


e. 


" 
neos 
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Hence, 2° amine is a stronger base than 3° amine, Solvation is an important factor for the determination 

of the base strength. This is supported by the fact that the order of base strength of amines is 3° > 2^ > 1° in 
chlorobenzene in which hydrogen bonding is absent. 
(e) Aromatic bases Aniline is a weaker base (pK, = 4.62) than its saturated analogue, cyclohexylamine 
(pK, = 10.68). This is because the nitrogen atom in aniline is bonded to an эр? carbon which pulls the 
unshared electron pair on nitrogen, This results in the delocalization of the loan pair with the х electrons of the 
ring. Thus, the lone pair is not easily avallable for protonation, 


т Ome Өш, 


Hence, aniline is a weaker base than ammonia or cyclohexylamine. Electron-withdrawing substituents at o- 
and p-positions have marked base-weakening effect. Substituents that have unshared electrons, e. 


exert electron-donating mesomeric effect from o- and p-positions increasing the base strength. 


hore 


Electromeric effect 


On the close approach of a reagent, the elactronic system of an unsaturated molecule is deformed. When the 
reagent is removed without allowing the reaction to take place, the electronic system reverts to the original 
ground state of the molecule. This kind of polarizability of multiple bonds is known as electromeric effect. 


Electromeric effect causes complete transter of the loose x electrons Irom one carbon to the other. 
Consequently, one end is positively charged and the other negatively charged which aid the reagent to attack. 
The shilt of the electrons is shown by а curved arrow (^) indicating the direction of the electron shift. 


© ©, 
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The effect is temporary since the electrons revert to the original state on removing the reagent. 
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When the multipla bond із between two dissimilar elements the shitt of electrons takes place towards the more 

electronegative of the two. Inductive effect may also determine the direction of the shift of electrons, 2.9., 


PEN 
Electromeric effect differs from the inductive elfect as given below. 
Inductive effect Electromenic effect 
1. Itis a permanent polarization. 1. Кіз a temporary polarization. 


2. Operates through а bonds. 2. Operates through л bonds. 


3. Weak effect since the c-bond electrons are 


3. Strong effect since the loose т electrons shit 
strongly held. 


completely. 

4. Charge developed on the carbon joined to е 4. Complete transter of electrons causes full charge 
substituent (electron repelling or attracting) is| оп the carbons, which is shown by © and ©, 
small and is shown as 8 or ê". signs. 


RESONANCE 


Many organic compounds are known which are nol adequately represented by single valence bond 
strucirues. All the properties of such a compound are not explained by a single structure. Thus, the valence 


ier апара BF t Kc Êê ий акый ада ма шь нь ТС] 
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Measurement of bond distance in benzene, however, shows that all the carbon-carbon bond distances аге 


the same and it is 1.4 A, i.e., between a single (1.54 А), and a double bond (1.34 À). Further, benzene on 
hydrogenation gives out heat which is less than the heat calculated from its structure (1). 

For such compounds itis necessary that other structures be devised to explain ай their properties. This 
is the basis of the concept of resonance. Thus, when two or more good Lewis structures can be devised for a 
compound, resonance is invoked. 

The different structures of a compound devised by different methods of pairing electrons in a fixed 
atomic skeleton are called resonance or canonical structures. The actual structure of the compound is then a 
combination of these structures and henco the compound is called a resonance hybrid. A hybrid is more 
stable than any one of the contributing structures. The contributing resonance structures are shown by 
double-headed arrows (<+) indicating that the real structure involves both ways of pairing electrons, 

Each resonance structure represents only partially to the real state of the compound and all of them in 
Combination represent the compound completely. Final structural description of the molecule is then what is 
obtained on superimposing all the resonance structrues on one another. The actual molecule therefore does 
‘ot vibrate or oscillate from one structure to another but has one and only one structure which is an average 
of all the structures. The different resonance structures do not exist, they are drawn by different schemes of 
pairing electrons to consider the extent of delocalization and hence to assess the stability of the hybrid, 


Thus, in 1, 3-butadiene, СН, = CH - CH = CHa, the C, — С; and Cs - C, bonds are found to be longer 
than a carbon-carbon double bond and C; - Cs bond is slightly shorter than а carbon-carbon single bond. To 
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explain this, several other structures may be devised by shifting a pair of л electrons: 


өө 
(CHy=CH—CH=CH, «—»©н;-сн—сн=сн 4— CH; 
(2 3 
9 @ e o 


———©н-сн=он-снә ae CHz—-CH=CH-CH2 
(5) (® 


The structures (3) and (4) show partial single-bond character of C, - С; and C; ~ С, bonds and structures (5) 
and (6) show partial double-bond character of C; - С. bond. This explains the observed anomalies in the bond 
distances in the hybrid. 


‘Thus, in the hybrid structure (i.e., real structure) of the compound, lateral overlaps of all the four p atomic 
orbitals have taken place, i.e., the electrons are delocalized 


CH, — CH сн сн. 
Тула 


Аз a result, two bonding and two antibonding MOs are formed. The hybrid representation shows that each pair 
of electrons binds four carbon nuclei instead of two. This gives a net stability to the hybrid over any one of the 
contributing resonance structures. 

Experimental confirmation about the stability of the hybrid is afforded from the qualitative measurements 
of the heat of combustion or hydrogenation. 


Саолмой forthe stucture Determined by experiment for 
c 


He ‘be actual compound 
Jke 
ае 
сонно соз но 


It is seen that the actual compound gives out lesser energy than that calculated for the structure 
сн, = CH - СН = CHa. Hence, the actual compound is at a lower-energy stale, i.e., more stable. 


The difference in the experimental and calculated energies is the amount of energy by which the 
compound is stable. This difference in the energies is known as the resonance or delocalization energy (RE). 
Itis about 4 kcal/mol for 1, 3-butadiene and 36 kcal/mol for benzene which is also a resonance hybrid. 


ре 


‘The resonance or stabilization energy of benzene has been calculated from the heat of hydrogenation as 
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‘Since benzene has three double bonds, the heat evolved should have been 3 x 28.6 = 85.8 kcal/mol but 
‘experimentally it is found to be 49.8 kcal/mol, i.e., benzene evolves 85.8 - 49.8 = 36 kcal/mol less energy than 
anticipated for the hypothetical cyclohexatriene. 


Therefore, the resonance energy of benzene is 36 kcal/mol which is due to the delocalization of the 
п electrons in a cyclic molecular orbital. 


Resonance stability increases with Increased number of resonance structures, for larger number of 
nuclei are brought closer by the binding effect of the loose electrons, 

All the resonance structures, however, do not contribute significantly to resonance, Whether a structure 
will contribute significantly to resonance ог not has to be considered from the following rules of resonance. 
Rules of resonance 


1. All the resonance forms must conform to Lewis structure, e.g., carbon cannot be pentavalent in any 
of the resonance forms. 

2. The positions of the nuclei in all resonance structures must be the same. 

3. All the resonance structures must have the same number of paired electrons, e. 


CH; - CH = CH - Chis not considered a resonance structure of butadiene (2). 
4, Resonance structures with greater number of covalent bonas are more stable than those with lesser 
numbers. Thus, the nonpolar structure of butadiene (2) is more stable than any of the other 
resonance structures. 
5. Resonance structrues with similar charges on adjacent atoms are insignificant due to electrostatic 


ө ө е 


ә 
repulsion and consequent instability, e.g. the resonance form CH; СН - CH CH, does not 


contribute to tne stability of the hybrid. 
в. Structures with positive charge on multiply bonded electronegative element are.unimportant since 
the electronegative element will not adapt to such distribution of electrons. Hence the canonical form, 


>C- О, of carbonyl group is insignificant. 
7. Resonance stabilization is greatest when there are at least two equivalent structures, e.g., 


e ө 
— 1 Он;-он=©ну ae CH; =cH-CHz 


В. Charge-separation structures are less important than those in which the charge is delocalized. This 
is due lo electrostatic attraction between unlike charges 
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Leas resonance stabilty More resonance stability 
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Hence, acetic acid favours ionization. 

9. Dissimilar canonical structures vary widely in their energy contents, those of higher energy contribute. 
too little to the hybrid. In such case the lowest-energy structure resembles the hybrid in energy, i.e. 
the RS is less, е, 


© o 
ChCh 


Hence, acetic acid and ethylene are well represented by their conventional structures. 
In contrast, similar canonical structures have nearly equal energies and contribute more to the 
hybrid, so that the RS is more, e.g, 


Thus, acetate ion is more stable than acetic acid which therefore ionizes to behave as acid. Similarly, 
phenol is acidic since phenoxide ion is more stable than phenol (see +M effect). 

10. All the atoms in a molecule taking part in resonance should be coplanar. This is necessary for 
effective overlap of the p orbitals and the delocalization of the electrons. Hence, distortion of planarity 
will impede resonance with ай that is consequent upon. 


MESOMERIC EFFECT 
The permanent polarization of a group conjugated with a x bond or a Set of alternate x bonds is transmitted 
through the л electrons of the system resulting in a different distribution of electrons in the unsaturated chain. 
This kind of electron redistribution in unsaturated compounds conjugated with electron-releasing or 
electron-withdrawing groups or atoms is called mesomeric effect. 

We know that carbonyl group is a resonance hybrid. 


sono > Ê Ba So" 


When the carbonyl group is conjugated with a carbon chain of altemate single and double bonds, the 
positively charged carbonyl carbon exerts electron transfer towards itself via the x electrons. Thus, ine 
polarization of the carbonyl group is transmitted via the л electrons of the carbon chain 


Су ® ic} 
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similarly, the lone pair on the nitrogen atom repels the x electrons of the conjugated chain of the amino 
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compound. 


The r electrons of molecules are delocalized due to the mesomeric effect resulting їп a number of 
resonance structures which give stability to the ions. Therefore, this Kind of electron transfer is also called 
resonance effect or conjugative effect besides mesomeric effect. 

This is a permanent effect in the ground stato of the molecule which is indicated by the dipole moment. 


The electron-attracting mesomeric effectis indicated by -M effect and the electron-repelling mesomeric effect 
is indicated by +M effect. 


+M effect possessing groups are: 


-M effect possessing groups аге: ——cHo, =co, —cN, —NO», —SO3H . ёс. 


The low reactivity of halogens bonded to unsaturated carbon is due to the «M effect of the halogen. The 
C - Br bond in vinyl bromide has а partial double-bond character due to the +М effect of bromine with 
consequent low reactivity of bromine. 


Bagi Ben Seas, 


The acidity of phenol is due to the «M effect of OH group. The mesomeric transfer of the loan pair on the 
oxygen atom of phenol to the т electrons of the benzene ring results in several resonance structures with а 
positive charge on the oxygen atom. This aids the hydrogen atom of OH group to leave as proton, 


xr 9 e е e 
н он H 9 
e 
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ө 
The ionization is specially aided due to the formation of the relatively more stable phenoxide ion. 


The charge delocalization in phenoxide ion affords greater stability over phenol in which charge 
separation occurs in the canonical forms. 


6-6 6-5 


Hence, phenol prefers to ionize, Le., itis acidic. 
The essential differences, between inductive elfect and mesomeric eflect are: 


Inductive effect (| effect) Mesomeric effect (M ettect) 


1. leffectcan operato in saturated and unsaturated] 1. M effect can operate in unsaturated and 
‘compounds. conjugated compounds. 
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Inductive effect (l effect) Mesomeric effect (М effect) 
2. leffect involves electrons of с bonds. 2. M effect involves electrons of x bonds and Ione! 
pairs. 


3. effectis transmitted over a short distance. The] 3. M effect is transmitted with undiminished 
effect dies out rapidly since thec-bondelectrons| — intensity right up to the end of the unsaturated 
are tightly held. chain since the effect involves loose л electrons. 


HYPERCONJUGATION 


The inductive effect of alkyl groups is found to be in ie order Me,C — > Me;CH - > MeCH, ~ > CH, - when 
attached to a saturated carbon. When, however, they are attached to an unsaturated carbon (e.g. C = C or 
‘aromatic ring) the order is reversed. In this case, electron-releasing effect operates by a different method than 
in inductive effect. 

The electron-releasing effect is explained by assuming that the a orbital of the а C — H bond overlaps 
with the adjacent x orbital. The displacement of the electron pair of the œ C — Н bond causes a partial positive 
charge on the hydrogen atom without the actual proton release. 


Set rea 
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This ability of the c-bond electrons of an a C — Н bond to undergo conjugation with the adjacent л electrons is 
called hyperconjugation. It is in fact a low-order resonance effect and is also known as ‘no bond resonance" 
Thus, ай the three C — Н bonds of a methyl group in propylene can polarize the adjacent х bond as shown: 


он—Ён es 


Hence, the site of electrophilic attack is the terminal СН, group. As the effect is additive, il is at a maximum 
with CH, group. Hence, the order of this effect is CH, > RCH, > РСН. 


Hyperconjugation salistactorly explains the preferential formation of the alkene (8) over (S) on 
dehydration of the alcohol (7). 


сну 
сн ону-б=сн-сну (8) 
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н 
Nine o-hydrogens, by hyperconjugalive effect, stabilize the olelin (8) over (9) where there is only one 
‘achydrogen atom for hypercorjugation. 


The ortho- and para-directing effect of methyl group is similarly attributed to electron release by 
hyperconjugation. 
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The effect is feeble and may be overshadowed by other powertul factors. Thus, in the dehydration of 
3-hydroxy-4-methylpentanal (10) 
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the aldehyde (11) should result according to hyperconjugation but the major product is the aldehyde (12). This 
is due to conjugation of the double bond with the carbonyl group in (12) which gives resonance stability, а 
stronger stabilizing factor. 


STERIC EFFECT 


The structural feature which influences the chemical reactions due to bulky substituents in the molecule is 
called steric effect. When the bulky groups hinder the reaction, itis called steric hindrance which may be due 
1o (a) the sheer bulk of the substituents causing the approach of the reagent more difficult or may be due to 
(b) electronic factor, i.e., promoting or inhibiting electron availablity at a particular site. Thus— 

(i) Bulky alkyl groups in ketones restrict the space around the carbonyl group to undergo addition 
reactions. Such hindrance is not observed in aldehydes since one of the groups is hydrogen which occupies 
small space. Hence aldehydes are more reactive than ketones (inductive effect also plays its рап). 
Cyclohexanone is, however, аз much reactive as methyl ketone to addition reactions, since the two groups 
effecting the ring closure are held back, providing more space for the attack. 

(i) Carboxylic acids with highly substituted a-carbon are esterified with difficulty due to steric hindrance. 


(ii) The two substituents at the ortho positions in 2,6-dimethylbenzoic acid block the approach of alcohol 
towards the carbonyl group so that no esterification occurs under normal conditions. 


g0 


When the carboxyl group is shifted away from the two ortho substituents as in 2, 6-dimethylphenylacetic acid, 
esterification occurs readily. 
орон 
T 
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(v) Tertiary butyl benzene, produces exclusively the para isomer since the bulky substituent (- CMe) 
sterically blocks attack at the ortho positions, 
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(V) N, N-Dimethylaniline undergoes ready azo-coupling but its 2,6-dimethy! derivative (13) does not. 
Crowding of the four methyl groups in (13) sterically disturb the planarity of the molecule and prevent the lone 
pair оп the N atom to interact with the x electrons of the ring. Hence, the ring is not activated towards 
azo-coupling. 


This is an example of steric inhibition of electron availability at the site of reaction. 


9 
HYDROGEN BONDING 


The covalent bond between a highly electronegative element such as N, О, F, etc., and hydrogen is polar in 
which the hydrogen forms the positive end of the dipole. 
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The specificity of hydrogen attached to an electronegative element is due to the development of proton 
character in hydrogen where there is no соге electrons (deshielded nucleus). It can therefore strongly attract 
а nucleophile (anion or a molecule having an unshared pair of electrons). 

‘An intermolecular attraction between the positively charged hydrogen and the electronegative element 
of another molecule results in the association of molecules. Thus, water or alcohol is associated as shown 
below: 


“This type of bond (shown by dotted lines) is known as hydrogen bond or proton bond to distinguish it from the 
covalent bond, The bond may be ionic or partially covalent. 

Since the disruptive forces of thermal agitation act against the attractive force (association) between the 
molecules, three molecules are associated in water, on an average. The strength of a hydrogen bond is about 
5 kcalbond which though small is not insignificant. Hydrogen bonding may be intermolecular or 
intramolecular. 

(a) Intermolecular hydrogen bonding causes: 


() rise in the b.p. or m.p. which is due to the extra energy required to break the hydrogen bond. 
(i) increase in the solubility which is due to the solvation of the solute molecules in polar solvents by 
hydrogen bonding. Thus, alcohols, amines, acids, elc., are water soluble. 
(b) Intramolecular hydrogen bonding causes: 
() decrease in the solubility in polar solvents due to restricted hydrogen bonding with polar solvents: 
thus, the enolate form of ethylacetoacetate is less-soluble in water and more soluble in cyclohexane 
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(like dissolves like) since intramolecular hydrogen bonding prevents solvation in water. 


(i) decrease in the b.p. or m.p.—intramolecular hydrogen bonding prevents association and so less 
energy is required for b.p.or m.p. Thus, o-hydroxybenzoic acid has lower m.p. than its isomers. 


e тоты mp 201°C 
iso mer mp 214 °C 
ve oU ‚ә? 
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(ii) increase in acid strength by stabilization of the acidic ion by intramolecular hydrogen bonding, thus, 
 o-hydroxybenzoic acid is a stronger acid than its isomers, 


Hydrogen bonding causes shift in the IR spectra. The position of O — Н stretching spectra is shifted to 


longer wavelengths since lower energy is required to stretch the О — Н bond which is to some extent already 
stretched by hydrogen bonding. 


Thus, the O — Н stretching absorption for alcohol in the vapour phase is 3700 cm" and for dilute alcohol 
(i.e. hydrogen-bonded) it is 3300 cm 
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In an organic reaction the molecules undergoing change are called reactants and the new molecules formed 
are called products. 


CHi + Ch he CHC + HCI 
Reacants Products 


In this reaction a C — H bond and a CI — CI bond in the reactants have broken, and a new C - CI bond and a 
Н = CI bond have formed in the product. Therefore, an organic reaction is a process of breaking and making 
ol bonds, A reaction is successful if the bonds formed in the products are stronger than the bonds broken in 
the reactants. There are two posible ways by which a covalent bond can break. When the bond breaks 
symmetrically it is called homolytic cleavage or homolysis and when dissymmetrically it is called heterolytic 
cleavage or heterolysis, 


(a) Homolytic cleavage The covalent bond between мо elements can break in such a way that each element 


2 REACTIONS, REARRANGEMENTS AND REAGENTS 


retains an electron of the bonding pair, e.g, рїп —e p*«*a 
The resulting fragments are called free radicals. Both have an unpaired electron (odd electron). Reactions 
involving free radicals are called free radical reactions and the mechanism is called free radical mechanism. 
(b) Heterolytic cleavage The bonds between two elements can break in another way in which one element 
retains the bonding pair and the other loses, e.g., pta — © «iG. As one element has lost and the other 
has gained an electron, positively and negatively charged ions (.e., ion pair) are formed. This process of 
breaking of bonds is called heterolysis. Since ions are formed, reactions involving heterolytic cleavage are 
called ionic reactions. Most organic reactions are ionic. Heterolysis occurs more readily in polar solvents. 


These radicals or ions may recombine or attack other species to form covalent bonds. 


REACTION INTERMEDIATES 
In the process of bond breaking, radicals or ions are formed. These are called reaction intermediates. They 


аге of extremely short life but they play a very important role in the reaction. Since we are dealing with the 
organic compounds, our attention will be focused on the ‘carbon fragments" (radicals or ions) of the substrate. 


G) Carbon radical 


Carbon radicals are those in which the carbon carries one unpaired electron. They are usually formed on 
homolytic cleavage of bonds а! high temperature in the gas phase, in non-polar solvents, by ultraviclet light or 
by the addition of other radicals. When the bond energy is low, the carbon radicals may be formed 
spontaneously or at low temperature, e. 


Ph. 


чес 
EtPb ——4ЕГ+РЬ 


Carbon radicals are neutral but are extremely reactive due to unpaired electron. Hnece a fast chain 
reaction occurs on homolytic fission. 


‘Some common reactions are: 
(a) Propagation of chain reaction—Abstract an atom from a molecule to produce another tree radical for 
the propagation of the reaction. 


ûl + CH, 4 CH, + HCI; Сн, + CI: CIO CH,CI + Ct 
(0) Polymerization Add to multiple bond resulting in polymerization. Vinyl polymerization occurs in this 


method. 
іН 


(c) Termination of reaction—They may react with each other to stop the reaction. 
ён, + бн, ¬ CH, - CH, 
Geometric shape The carbon carrying the odd electron is supposed to be вр?. or sp-hybridized, 


Stability of the carbon radical The stability of the carbon radical increases with the increase in the number of 
alkyl groups attached to the carbon carrying the odd electron by hyperconjugation. 
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Hence, the stability order of carbon radicals is 3° > 2° > 1° > CH,, Carbon radicals in suitable unsaturated 
systems аге more stable than alkyl radicals due to delocalization of the unpaired electron. 
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Triphenylmothy radical 


Hence, allyl and triphenylmethyl radicals are more stable than tertiary carbon radicals. 


(ii) Carbocation* 
An ion in which the carbon carries a positive charge is called carbocation. They are formed by heterolysis, 
(а) By the addition of acids to— 

(i) Unsaturated compounds. 
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(i) Compounds containing oxygen atoms. 
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+ Ha ROH; == R + HO IR 
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+ вр; = н—0—Н = R + ВР 0н 


* А carbocation is called primary (1°), secondary (2°) or tertiary (3°) whan the carbon bearing the positive charge is 
attached to one, two or three alky!(Le.. carbon) groups respectively. If the charge on the carbon is negative, it is called 


, 2° or 3° carbanion in similar way. 
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(1) Organic halides. 
e e o 
R-X + H === R-XH SER + XH 


(b) By the decomposition of diazorium salts. 
ө Е ® © 


ENGI eR + Np + Cl 


(c) By ionization 
(с) By ө o 
RC-x-— пус + X 


Reactions of carbocatlons— 
(i) Recombine with electron-rich species (electron pair of an ion or molecule). 


(ii) Eliminate a proton to form olefin, 


£ 
ج چ 
i‏ 


A 


(iii) Rearrange to form more stable carbocation 
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(iv) Add to alkene to form bigger-carbocation. 


R R R 
бө, ra 1 1 

I + Сна: 4 — я-Ё—сн,—©® 
R * ROR 


Geometric shape The carbocation takes up the more stable зр? configuration with the vacant 2p orbital at 


right angles to the plane of the sp orbitals, 
stereochemical effect The vacant 2р orbital can be attacked from either side of the plane of the ion by an 
electron-rich species. This may result in the formation of both the optical isomers in suitable substrates. 
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(iii) Carbanion 
An lon in which the carbon bears the negative charge is called a carbon anion or carbanion. They are formed 
by heferolysis when a group departs from a molecule without the bonding pair of electrons. 
Carbanions may be formed by the following methods: 
(а) When a group or atom departs from a carbon atom without its bonding pair. 
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(b) When a negative ion attacks on a multiple bond. 


Reactions of carbanions They undergo two types of reactions—displacement and addition. 
(i) Displacement reaction, 


era l^ ө e 
RS — RC +i% were бисот), CHICOGHCOOR, ate, 


(i) Addition reactions—Ac to carbonyl groups and to suitably activated carbon-carbon double bonds. 


о оз ° o0 
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PhCH=cHCooE! + ©н(ссолу e Ph—gH—cH,cooEt 
©н(соон> 


Geometric shape Since in the formation of a carbanien, only an atom or a group departs without the bonding 
pair of electrons, the unbonded electron ра! continues to remain in the same orbital as in the molecule, i.e., 
the hybridization of the carbanionic. carbon is unaltered. 

Stabilities of carbanions and carbocations The ionic intermediates are considered as carrying their charges 
Sr a carbon atom. However, the ions to some extent are stabilized by delocalization of the charge on other 
carbon atoms or other elements. 
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Сн,—сн=ону a> CH2=CH—CHe 


Inductive effect and hyperconjugation also stabilize the carbocations by dispersal ofthe charge, These effects 
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аге additive, hence the stabilty order of carbocations is 3* > 2* > 1°> СН, 
i | 
ә 
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The order is reversed in case of carbanions due to repulsion between like charges. 

Аз resonance effect is stronger than other effects, айу! and benzyl carbocations are more stable 
than 3° carbocations, 

Change in the hybridization of the carbon bearing the charge on going sp = sp — sp” progressively 
decreases the stability of carbanions. This s duo to the greater s charater (50%) in sp orbital and least (25%) 
in sp? orbital, i.e., the electrons of sp orbital are more firmly held by the positive nucleus than those of sp 
orbital with consequent stability. 

е е ө 

Hence the stability order of alkyl, vinyl and acotylide carbanions is RC = С > RCH = CH > RCH. There 

are other transient intermediates such as carbenes, R.C:, chlorocarbenes, :СС1, nitrenes АЙ and arynes. 
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Majority of organic reactions are lonic and we wil be interested in the reagents for ionic reactions. The 
classical rule of physics—like charges repel and unlike charges attract—operates in ionic reactions. 

The electronic imbalance (Le., dipolarity) created in the molecules due to one or the other structural 
features or by the approach of the two reactants results in the attraction of oppositely charged species in an 
Tonic raction. In an ionic reaction, therefore, one reactant donates and the other accepts an electron pair. The 
reactant which has greater energy takes the aggressive role in the electron transfer and is called the reagent. 
їп a reaction between an organic and an inorganic reactants, it is considered that the organic molecule is the 
substrate and the inorganic molecule is the reagent, 6.9., 


R-X + NaOH — R-OH + Мах 
substrato reagent 


їп a reaction between two organic molecules, it is dificult to specify the reagent and the substrate. Ordinarily, 
however, the one with full blown charge is more reactive and may be considered as the reagent. Thus, 


CHO is the reagent in the reaction given below. 


оэ 
R-X + C;H.ONa — С,Н;ОА + Мах 
substrate reagent 


Broadly, the reagents are of two types. The one which attacks the positive site in the molecule is called 
the nucleophile or nucleophilic reagent and the one which attacks tho negative site in the molecule is called 
the electrophile or electrophilic reagents. 

Electrophilic reagents А species which can accept а pair of electrons (Le. Lewis acid) is called an 
electrophilic (electron-seeking) reagent. Electrophilo seeks an electron-rich (negatively charged) site in a 
molecule for attack. It may be positively charged lon or electron-deticient molecule (molecule having an atom 
with sextet). Common electrophiles a 


(a) Positively charged ions—H, 0, X, NOs, NO, SO,H, С;Н,М, RC, tc. 
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(b) Electron-deficient molecules—BF;, AIXs, 503, CO, ICI, $пС\„, FeCl, etc. 
Nucleophilic reagents A species which can donate an unshared electron pair (Lewis base) is called а 
nucleophilic (nuclous-seeking) reagent or nucleophile, Nucleophile seeks an electron-deficient site for the 
attack. It may be a negatively charged ion ог a molecule having an unshared electron pair. Some common 
nucleophiles are: 
e oo o o е ve e 
(а) Negatively charged ion—H, HO, CN, RO, RS, RC = С, RCOO, NH;, CHCOOR),, ete. 


(b) Electron-rich molecules—H.0, R - Ö — H, R - NH,, NH, RÑ, RMgBr, RL, etc. 
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‘An organic reaction is a process of bond breaking and bond making. Since a bond is associated with energy, 
a chemical reaction essentially involves the energy change of the system. Every system seeks to attain the 
state of minimum energy. A chemical reaction attains equilibrium when the energy change in the system is 
complete. If the products have much lower energy than the reactants, a large amount of products will be 
formed before the equilibrium is attained. In other words, the energy difference between the reactants and 
products (usually denoted by АН) and the position of equilibrium are directly related. 

The energies cl molecules are dependent on structural features. I some structural feature stabilizes one 
molecule over the other, however small, the equilibrium will shift towards the more stable molecule. 


RATE OF REACTION AND TRANSITION STATE 
Wood, paper, etc., when burnt in air are converted into СО,, H;O, etc., ie., the organic molecules (cellulose) 
react with oxygen and pass to more stable states (CO,, HO, etc.). Although the energy difference between 
the reactants and products is fairly large, yet itis rarely observed thal wood or paper spontaneously bums in 
the presence of oxygen. 
in most chemical reactions increase in temperature results in increase in the reaction rate. Frequency 
of collision increases with the molecular motion which in turn increases with temperature, Arrhenius postulated 
that even though there is а net gain of energy in a reaction, yet some extra amount of energy has to be 
supplied to bring about the reaction. This indicates that without the supply of extra energy, the collision 
between the reactants is not sufficient to result in the products. The extra amount of energy which must be 
supplied by collision for a reaction to occur is known as the energy of activation (Е,.). Ex is essential for most 
reactions. It forms the energy barrier between the reactants and the products. It is this energy barrier which 
protects us from being burnt out in air. 
Reasons for requirement of the extra amount of energy (Exx) for reactions: 
(i) The energy gained іп the process of bond making (in the intermediates and products) is not fully 
available for bond breaking in the reactants. 
(i) Reactant panicles do not move with the same speed. Those moving slowly bounce apart on collision 
without any effect. Those moving fast can bring home the effect (reaction) on collision, 
(ii) The reacting particles having enough energy may not react on collision if they are not properly 
oriented. 


Effective Non-ettactive 
colision colision 
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Moreover, if the Е,., which increases the amplitude of the fundamental vibrations of the particles, results in 
stretching the wrong bond, it will not assist the reaction, Thus, in the reaction 
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only the stretching of B — X bond will aid the reaction. Hence, a probability factor is involved. We can, 
therefore, define Е, as the minimum amount of energy which must be supplied to surmount the collision and 
the probability factors, For similar types of reactions the collision and the probability factors are nearly the 
same. Hence the rate is largely dependent on Eys. Lower the Exe, faster is the reaction and higher the Eis, 
slower is the reaction, 


Transition state 


А chemical reaction is a continuous process. The reactants continuously change their geometry under the 
stress and strain of the reaction conditions and pass through an optimum state when the effective collision has 
been achieved. This state in the course of reactions is called the transition stale, so called because the 
reactants change from one form to another after this state, The transition state, i.e., the activated complex, is 
not a real molecule, for partial bonds аге formed at the site of reaction. It can be visualized as a complex 
molecule with a temporary arrangement of atoms with transient existence and which readily passes inlo а 
more stable arrangement as products. Transition state is the most important state in a chemical reaction, 
Transition state and E, are interrelated, 


The minimum energy necessary to fulfil all the conditions for the formation of the transition stale is the 
E, of the reaction. Thus, the energy of the transition state is the energy of activation. Higher the energy of the 
transition state, higher is the energy barrier and slower is the rate of reaction. In a multistage reaction, several 
transition states are formed but the one with the highest energy controls the rate of the reaction. More stable 
is the transition state, lower is its energy and more readily it is formed. 
Energy diagram The energy changes of a chemical reaction are depicted by energy diagram which shows the 
progress of the reaction along a path of lowest energy to products. The diagram shows the energy changes 
‘against the progress of the reaction, Attention is focused on the starting state, the transition state and the final 
slate. 


In the beginning the collision between the reacting particles causes their KE to be used up in increasing 
their PE until the transition state is formed. As the transition state collapses to form the product, the PE drops 
and is converted to KE which is given out as heal. The graph starts at the left showing the energies of the 
reactants, gradually rises to a maximum, as it proceeds along the reaction coordinate, to show the energy of 
the transition state. The graph then drops to indicate the final energies of the products. The highest point of 
the graph corresponds to the energy of the transition state. 


When the products have lower energy than the reactants, the reaction is called exothermic since energy 
is liberated, The energy difference between the reactants and products is indicated by -AH. When the 
products have higher energy than the reactants, the reaction proceeds by absorption of heat and is called 
endothermic. The energy difference is indicated by «AH. For such reaction, a high-energy reagent is used 
since itis the energy difference of the system which shifts the equilibrium to one direction. 
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Progress of reaction —- Progress of reaction —— 
Exolhermic reaction Endathermic reaction 


їп exothermic reaction the E, may be lower or higher than АН; In contrast, it cannot be less than AH in 
endothermic reaction, The endothermic reactions are slower (i.e. dificult) han exothermic reactions. From 
the diagram it is clear that a reaction cannot be faster than the rale of formation of the transition stato. 
Therefore, the rate-determining step is the energy height of transition state, i.e., Ea- 
їп fact all reactions are in equilibrium. The condition for equilibrium reaction is the energy difference 
-between the reactants and products, When the reaction is very rapid, the Ex can be ignored since itis so low 
that it is available from the thermal changes at room temperature. In such case only AH is important since it 


determines the shift of the equilibrium. The reaction is then equilibrium-controlied, The equilibrium constant 
Kand \Hare related, 
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The E,q 15 important lor slow reactions, s 

When several products are formed in a reaction, the one formed at the early stage may not be the most 
stable product. On prolonging the reaction, the products are brought under equilibrium when the most stable 
product predominates. The initially formed product in the fast step is called kinetically controlled product and 
the final predominating product is called the equilibrium-controlled product, 

A multistage reaction may pass through a number of transition states. In a two-step reaction the 
minimum of the curve between the two transition states is the energy valley of an intermediate. If the valley is 
Very low, the intermediate is stable enough to be isolated. If the energy height of the adjacent transition state 
is less than 20 kcal/mol, the intermediate is not isolable at room temperature. 
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Not isolable 
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If the Exes is low, the transition state is formed early and its geometry will be very nearly that of the substrate. 
If the transition state is formed late (Le, the E, is high), its geometry will be nearly that of the product. Any 
factor that assists in the stabilization of the transition state will lower its energy, Le., lower the E, and the 
reaction rate will be fast. 

A catalyst is a substance which provides a reaction path of lower energy than the one in absence of the 
catalyst. It increases the reaction rate by lowering the energy of the transition state. 

Energy diagrams of some common reactions are given below. 

Energy diagram of the reaction which proceeds— 
(i) In two steps, the first step being slowest, e.g., electrophilic addition, base-catalysed nucleophilic addition, 
nucleophilic substitution (S,1), electrophilic aromatic substitution, ete. 


Two transition states 
wih оле intermediate. 


(i) In two steps, the second step being slowest. e.g . acid-catalysed nucleophilic addition, 


(iii) In one step, e.g., 5,2 reaction. 


ENERGETICS OF REACTIONS 


a 


Ona Vansiion sate 
wilh no intermodiate 


Energy diagram of Sy1 vs Sy2—The order of hydrolysis of alky halides Бу 5,1 path is 3* > 2° > 1° and by 
Sy path is 1° > 2° > 3° Hence, S..1 vs 5,2 energy diagrams for 1° and 3° halides are: 


E Progress 
Lowar-anorgy path 542 Lowerenergy path Spt 
for 1° halides for 3" halides 


Energy diagram o! electrophilic substitution in benzene with (a) 
substituent 
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Energy diagram of sulphonation Sulphonation unlike other electrophilic aromatic substitution is reversible. 
Hence, the carbocation formed on attack of SO; can lose SO, to revert to benzene. Therefore, the energy 
barrier heights on either side of the carbocation are nearly the same. 
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Energy diagram of Sy vs E1 for 3° halides—The reactivity order of RX is 3° > 2° > 1° for Sy1 and E1. Hence, 
the rate depends upon the base concentration and polarity of the solvent. 
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Energy diagram of 5,2 vs E2. 
The order of hydrolysis by S,2 path is 1° > 2° > 3° halides and the order of E2 elimination is 3° > 2° > 1°. 
Hence, elimination will be less and substitution will be more for 1° RX and the reverse for 3° RX. 


Progress of reaction = 
Hales 


It should be remembered that the energy diagrams do not determine the course of the reactions, instead 
they depict the energy paths followed in the reaction, 
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‘Organic reactions have been broadly classified into two types on the basis of bond cleavage, e.g., 

(û) free radical reactions (homolytic cleavage) and 

(i) ionic reactions (heterolytic cleavage). 

А second type of yet another broad classification is on the basis of the products of the reactions, e.g., 
(a) addition reaction, (b) substitution reaction, (c) elimination reaction and (d) rearrangement. 


The above two classifications do not specify the reaction type... more satisfactory classification has. 
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been made by subclassification of the latter three types of reactions (a), (b) and (c) on the basis of the 
reagents involved in the rate-determining step, i.e., the slowest step. Thus, 


1. Addition reactions—() Electrophilic (i) Nucleophilic. 

2. Substitution reactions—{i) Free radical (i) Nucleophille—S,1, S2 and Sj (i Electrophilic 
3. Elimination reactions—E1 and E2 

4. Rearrangements 


1. ADDITION REACTIONS 
A reaction in which the substrate and the reagent add up to form a product is called addition reaction. The 
reaction occurs at the site of unsaturation in a molecule. Thus, compounds having multiple bonds such аз 


Е 


Ус=с =e: ч 


У 
- J c=0, =c: 
undergo addition reactions. 


The reactivity of these compounds is due to the more exposed and easily available л electrons to the 
electron-seeking (electrophilic) reagent. 


(0 Electrophilic addition reaction 
This is a characteristic reaction of unsaturated hydrocarbons, €.9., 
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Both the reactants add to form a single product. 

Mechanism The mechanism of the reaction is based on the following observations. 

(0 When ethylene is brominated in aqueous solution in the presence of sodium chloride, the product in 
‘addition to ethylene dibromide contains 1-chloro-2-bromoethane. 
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This indicates that a carbocation formed in the first step is attacked by both Br (from Bra) and CI (present in 
solution) in the second step. 

(i) On bromination trans-2-butene gives meso-dibromide and cis-2-butene gives racemic (DL) modification. 
This indicates addition of bromine atoms to the x bond from opposite sides of the plane of the ethylene. 
molecule i.e., trans-addition results. 

On the basis of the above observations, the following mechanism is suggested: On the approach of the 
two reactants the Br - Br bond is polarized by the л electrons to form a л: complex which breaks down to form 
a cyclic bromonium ion and the other bromine atom leaves with the bonding pair of electrons in the first step, 
In the second step the bromide ion attacks either of the carbons (originally doublo-bonded) from the opposite 
side to complete the addition. This results in trans-addition. 
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On the basis of the formation of bromonium ion, the formation of meso-dibron.ide from trans-2-butene 
апа racemic dibromide from cis-2-butene on bromination can now be explained. 


Meso bromide 


‘The reaction is therefore stereoselective.’ Evidence for the formation of intermediate carbocation in the 
first step is provided by the formation of abnormal product (14) along with the expected product (15) when 
S-methyl-t-butene is treated with halide. The abnormal product is due to the inherent characteristics of 
rearrangement of carbocations for stability. 


Any reaction in which only one of a set of stereoisomers is formed predominantly or exclusively is called stereoselective. 
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Hence, tie bromonium ion may be considered as a resonance hybrid of the following canonical forms, 
i.e., an altemative canonical form of the carbocation. 


The first step of the reaction is slow due to polarisation of bonds, formation of л complex and bramonium 
ion or carbocation. In contrast, the second step is fast due to attraction between oppositely charged ions. 
Since the slowest step is initiated by electrophile and the overall reaction is addition, the reaction has been 
classed as ‘electrophilic addition’. 

Effect of substituents It is seen that a bromonium ion or a carbocation is formed in the rate-determining step. 
It is logical to assume that electron-donating substituents will not only increase the electron density for facile 
electrophilic attack but also aid to stabilize the carbocation. Thus, the activation energy for the formation of the 
carbocation is lowered so that the reaction becomes fast, The relative rates of addition of some substituted 
alkenes are: 
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Obviously, electron-withdrawing groups will have reverse effect. 


Markovnikov rule In case of addition of unsymmetrical reagents (e.g., HX) to unsymmetrical alkenes, the 
negative moiety (.e., nucleophile) of the addendum (reagent) attacks the more highly substituted carbon. This 
is known as Markovnikov rule. 


Thus, addition of HBr to propylene gives 2-bromopropane (16) and not 1-bromopropane (17). 
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Markovnikov rule is explained on the basis of the stability of the first formed carbocation. Since 2° 
carbocation is more stable and hence formed more easily than 1° carbocation, the product is (16). Thus, when 
more than one carbocation formation is possible, the most stable of the carbocations will determine the 
orientation of the overall addition. This is seen in the addition of HCI to vinyl chloride when ethylidene chloride 
(18) and not ethylene chloride (19) is obtained. 
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The rate of addition is, however, slower (about 30 times) than with ethane due to the electron-withdrawing 
effect of chlorine. 

In the presence of peroxide or under conditions of radical formation, anti-Markovrikov addition results. 
The peroxide breaks down to a free radical which generates a bromine-froe radical from HBr. The bromine 
radical attacks the л electrons producing а 2° radical rather than a 1° radical for reasons of stability. 
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Free radical addition of HF, HI or HCI is energetically unfavourable, 
Addition to conjugated dienes Conjugated dienes, e.g., 1, 3-butadieno, undergo electrophilic addition in a 
similar stepwise process. However, more than one addition product is formed. 

This is due to the preferential formation of a resonance-stabilized allylic carbocation in the first step in 
which the positive charge resides on both C, and C, either of which can be attacked by the nucleophile in the 
second step to result in 1, 2, and 1, 4-addition products. 
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The 1, 2-product predominating at lower temperature and 1,4-product predominating at higher temperature. 
This may be due to stabilization of 1, 4-product by hyperconjugation 


Addition to alkynes Electrophilic addition to alkynes resembles those of alkenes. For example, one molecule 
of bromine adds first to acetylene in two steps to give trans 1, 2-dibromoethylene and then another molecule 
of bromine adds to give 1, 1, 2, 2-tetrabromosthane, 
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However, alkynes are less reactive than alkenes because the л electrons are more tightly held by the 
carbons due to their relative short distance between the carbons (1.20 A for C = C and 1.34 А for C = C). This 


is reflected in the hydration of alkynes with sulphuric acid in which the aid of a catalyst (mercuric sall) is 
necessary (20). 


Aromatic compounds (e.g., benzene) have x electrons which are tightly held by several nuclei. Aromatic 
‘compounds are therefore much less reactive and undergo a few addition reactions. It is more so because 
addition reaction is energetically unprofitable due to loss of resonance energy. 


(ii) Nucleophilic addition reaction 

We have seen that electron-releasing groups conjugated to carbon-carbon multiple bonds promote 
electrophilic addition. In the same way, conjugation of electron-withdrawing groups activate the 
carbon-carbon multiple bonds towards nucleophilic addition. 
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The substituents reduce the n-electron density, thereby aid the attack of the nucleophile and stabilize the 
carbanion formed on attack by delocalization of the negative charge (cf Michael reaction). Some common 
electron-withdrawing groups are: 


> Nor. ete. 


Polar functional groups, e.g. > C=O, -C&N, >C=N, > С=З, elc, also undergo nucleophilic 
addition. The hetero atoms, like the electron-withdrawing substituents, reduce the n-electron density on the 
carbonyl carbon and stabilize the anion, formed on attack of the nucleophilic, by accommodating the -ve 
charge. 


However, the addition product will be stable enough to be isolated provided the carbonyl group is not 
attached to a good leaving group such as OH, OR, Ci, МН, etc. Carboxylic acids and their derivatives, 
therefore, undergo substitution rather than addition on attack of nucleophiles, 


Nucleophilic addition to carbonyl group is, therefore, a characteristic reaction of aldehydes and ketones 
since Н, R and Ar are not good leaving groups. Considering the steric and electronic factors (inductive effect) 
of the group attached to the carbonyl carbon, the reactivity of the carbonyl groups decreases in the order: 
HC = O > RCHO > R,CO > ArCHO > Ar,CO. 
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HC = O > RCHO > R;CO > ArCHO > Ar,CO. 

(a) Addition to carbonyl group—{i) HCN addition 

Mechanism 

‘The carbonyl group may be considered as a resonance hybrid of the following canonical structures: 
өө 
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The addition of the nucleophile (CN) to the carbon wil be facilitated by adding base to increase the 
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concentration of CN, e.g., HCN + OH — HO + CN or by adding acid to. prolcpate the oxygen aom so as lo 


increase tho «ve character of the carbonyl carbon, e.g, Сс=о + н —s>0-0-H. Hence, the reaction is 


catalysed by both acids and bases. However, base-catalysed nucleophilic addition reactions are common, 
Base-catalysed—The base removes the weakly acidic protons from the reagent to generate the nucleophile 
Which adds to the carbonyl carbon in the first step. In the second step a fast addition of protons to the 
negatively charged oxygen completes the addition. 
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Acid-catalysed— fhe acid protonates the negatively charged oxygen atom in the first step. The slow attack of 
the reagent to the carbonyl carbon in the second step completes the addition. 
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Although acids increase the catinold character of the carbonyl carbon it reduces the concentration of the 
nucleophile. 
o @ o o 


CN + Н HCN ; RÎH + Н —e RNH3 


Hence, highly acidic medium retards the reaction. Weak acids which can form hydrogen bond are used. In 
practice the carbonyl compound is mixed with sodium cyanide and acid is added 1 


о generate HCN. The acid 
Should be insufficient to consume all the sodium cyanide so that the medium remains alkaline, Teese 


In both acid- and base-catalysed additions, the nucleophile is added in the slowest step and hence the 
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reaction is called nucleophilic addition. 


‘Addition product of carbonyl compound with HCI is not isolable. The equilibrium lies far to the left since 
chlorine is a good leaving group. 
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А number of carbonyl addition reactions follow the same mechanistic pattem of cyanohydrine formation. A few 
of these are mentioned, 


(î) Alcohol addition Тһе addition of alcohol to carbonyl group to form hemiacetal is catalysed by both base 
and acid but the formation of acetal from hemiacetal is catalysed by acids only. 
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(ii) Bisulphite addition Aldehydes, methyl ketones or cyclic ketones add with sodium bisulphite in aqueous 
medium to form crystalline adducts. The effective nucleophile is SOS" which is a strong nucleophile, and so по 
catalyst is required for the addition. 
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Gv) Carbanion addition А large number of carbanion addition reactions are known. Addition of Grignard 
reagent is given for illustration. Grignard reagent may be considered as a carbanion donor due to the polarized 


е fe 
carbon-metal bond, R— Mo. 
A straight forward reaction is then possible, e.g., 
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However, addition of MgB, (Lewis acid) increases the rate of addition. From this and other evidence (complex 
о! Mg with the carbonyl oxygen), it is suggested that one molecula of RMgX complexes with the oxygen to 
facilitate the attack of the other molecule to the carbonyl carbon, 
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(У Addition of derivatives of ammonia (Addition-elimination) Derivatives of ammonia add to the carbonyl 
group by donating the free electron pair on nitrogen to the carbonyl carbon. Subsequent migration of a proton 
from the nitrogen to the negatively charged oxygen gives a product which on protonation eliminates a 
molecule of water. The result [s replacement of oxygen and formation of a stable product. Thus, 
hydroxylamine, hydrazine, phenylhydrazine, semicarbazide, etc, give respectively oxime, hydrazone, 
phenylhydrazone, semicarbazone, еіс. The mechanisms of the reaction are generalised as given below. 
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Strong nucleophiles (e.g, NHOH) do not need acid catalysis for the first step but weaker nucleophiles need 
acid lo aid the attack on carbon. Acid, however, is necessary for the dehydration step which is slow with base. 
Hence, the reactions are subject to general acid catalysis. Strong acid, however, reduce the concentration of 
xz» 

nucleophiles aii R — ofa) 

Therefore, the reaction best proceeds at an optimum рН (= 3-4). 
Orientation of addition to carbonyl group— Since the carbon-hetero atom bond is polar, oxygen forming the 
negative end of the dipole, nucleophile is attached to the carbon and electrophile to the oxygen atom. 
Stereochemistry of nucleophilic addition to carbonyl group—The molecule is flat as the carbon is 
sp--hybridized. Since both the sides are equivalent, the nucleophile is tree to approach the carbon from either 
side of the plane to produce a racemic mixture. 


When the carbonyl group of ketones has an asymmetric a-carbon, the two sides of the flat carbonyl compound 
are no longer equivalent. The bulky oxygen atom orients itself зо that it is farthest from the largest of the three 


groups on the a-carbon. 


Preferential nucleophilic attack then occurs from the least crowed side resulting in the formation of unequal 
amounts of the diastereomers. This is the basis of Cram's rule for the prediction of the ciastereomer that will 
be predominantly formed. The formation of unequal amounts of diastereomers when an asymmetric centre IS 
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created in the presence о! another asymmetric centre is known as asymmetric induction. 

(b) Addition to activated carbon-carbon double bond Compounds containing carbon-carbon double 
bond conjugated with electron-withdrawing substituents undergo nucleophilic addition. Electron-withdrawing 
substituents reduce the m-electron density to promote nucleophilic attack and stabilize the intermediate 
carbanion by delocalization of the -ve charge. Thus, nucleophilic additions are observed in of-unsaturated 
aldehydes, ketones, esters, nitriles, etc. The reactions are often catalysed by base. The base converts the 


‘nucleophile (HA) to a stronger nucleophile (А). 


мн 


(0 п-сн=сн-со-ң' P e. верн-сн.—со-н' 
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сән—©ну—Он;=С—ОСНу Melhyrethonproponate 


(8) рв-осн=он-сон + HaC (coon), —Ё©М® + pn cui cu; co; 


T 
CH(COORJ2 


(iv) яны; + CH=CH—CN e RNH=CHa CHa CN 


Mechanism 

The mechanism of the nucleophilic addition of HA to the substrate - C = C - Z (where Z = CHO, COR, COOR, 
1 

CONH,, CN, NO,, etc.) in the presence ol a base is given below: 


‚ 
Sese | 


The nucleophile attacks the [j-carbon. The negative charge in the resulting carbanion is delocalized by the 
carbonyl group. Subsequent protonation completes the addition. Protonation occurs chiefly on the oxygen 
because itis more negative than the carbon. Therefore, an overall 1, 4-addition occurs, which transforms into 
‘afs-addition product. Considering the steric and electronic factors the electron-withdrawing effect decreases it 
the order CHO > COR > COOR > CN > NO,, elc. 

The most important nucleophilic addition reactions of synthetic importance are cyanoethylation and 
Michael reaction, 


Cyanocthylation When acrylonitrile is treated with nucleophilic reagent in the presence of a base, 
2-cyanoethy! group is attached to the nucleophile. The process is known as cyanoethyiation. The nucleophilic 
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reagent may be alcohol, phenol, 1° and 2° amines. 
санон + снә=он—он -®®%®» cH o CH; CH; CN 
[-Ethonproponirie. 


The nucleophile, CHO, attacks the f-carbon. The -ve charge on the resulting anion is stabilized by the cyano 
group. Subsequent abstraction о! proton from the solvent completes the reaction. 


e 


зн + Сн 


H—CEN — c; Ho—6H; Ch c: 


снн 
SE смш-сы—сн—сн 
mJ 


Amines function both as nucleophile and base and so no catalyst is required for the reaction. 

The utility of the reaction is the introduction of a three-carbon unit with a cyanide group which can be 
manipulated for further synthetic applications. 

‘Michael reaction A group of conjugate addition involving carbanion nucleophile is known as Michael 
reaction. 


° 
n " iy 
(1) —-сн=сн-©— + сндсоояу OEL. —сң—сн,-б— 
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нк 
(i) сну—сн=сн-соуы + снуно; BAPE 


снз-ен—сну-сода 
©н;но; 
Ethy-3-methy-4-ritrobutyrate 


The attacking nucleophile, the enolate anion, is generated by the base NaOEt from a variety of active 
methylene compounds such as malonic ester, ethyl acetoacetate, ethyl cyanoacetate, nittoalkanes, etc. The 
mechanism of addition follows the general mechanism given earlier. 

Since a large number of diferent substrates and different nucleophiles can be employed, the reaction 
has useful synthetic applications. 

Addition of C = C vs C = Itis seen that the most common activating group is C = O which we have seen 
undergoing nucleophilic addition. When C = С and C = O groups are conjugated it is seen that the addition is 
usually to C = C. This may be explained on the stabilities of the products formed on addition to these bonds. 

The product on addition to C = C has а residual C = O while the product on addition to C = O has a 


residual C = С. 
[n 


1 
"T bo пан cec 
—©=б-бшо -M NE 
ө) 4d 
—0=0-6-0 (0) йет C=O 
Since С = О is a stronger bond than C = С, the preferential addition is to C = С. 


However, steric hindrance may be an important factor. Thus, PhMgBr adds to С=О in 
PhCH = CH -CHO while the addition is to C = C in PhCH = CH - COGMe,. The inductive effect of Me group 
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may also be a factor besides steric hindrance. 


2. SUBSTITUTION REACTIONS 


A reaction in which one group or atom is replaced by another is called a substitutiorrTeaction, The incoming 
group is bonded to the same carbon to which the leaving group was bonded. Substitution reaction has been 
classified according to the nature of the substituents involved. Thus— 


1. Free radical substitution IT TH 
o 
М. Nucleophiic substitution aa «à ела + 


Ill. Electrophlie substtulon Ais + Grata + Ê 

Tt will be seen that in all types of substitutions the displaced species belong to the same class as the 
attacking species. 
1. Free radical substitution 


Radical substitution reactions are initiated by radicals in the gas phase or in non-polar solvents, Thus, 
methane and chlorine react in the presence of sunlight or heat to give methyl chloride. 


тог 
сн, + Ch SEE сну + но 


Light energy or heat causes homolytic fission of chlorine producing chlorine radicals which attack methane to 
form methyl chloride. 


ога 1091307. i y i 


HCH + й + на 


ъё + сис ——=нус:о + Èi 


The mechanism is supported by the fact that no reaction occurs in the dark, and in the presence of tetraethy! 
lead (0.02%) the reaction takes place at 140°C. Tetraethyi lead decomposes at 140°C to ethyl radical which 
produces chlorine radical from chlorine for the propagation о! the reaction as given above. 


Po(Catisy MOS «бун; + Pb ; Eats + qi 


‘The reaction proceeds by the repetition of steps (i) and (i). 


When the ratio of methane to chlorine is high, methyl chloride is formed predominantly and when 
chlorine is in excess all the hydrogens are replaced to give carbon tetrachloride. 


Il. Nucleophilic substitution 


(a) At saturated carbon Nucleophilic substitution reaction involves the displacement of a nucleophile by 
another. These reactions have great synthetic importance. A classical example is the hydrolysis of alkyl 
halides. 


R:iX — HOR +X 
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The nucleophile furnishes an electron pair to the carbon from which the leaving group departs with the 
bonding pair of electrons. Investigations by Ingold and co-workers indicate that nucleophilic substitution 
reaction can proceed by two different paths which have been designated by Ingold as Sy1 and 5,2 depending 
оп the nature of the substrate, the nucleophile, the leaving group and the solvent. 

‘Mechanism 


Зул mechanism Kinetic studies of the hydrolysis of butyl bromide indicate that the rate of the reaction is 
proportional to the concentration of the alkyl halide, i.e., rate = [RCX]. 
Since the rate of reaction is dependent on one of the reactants, the reaction is a first-order reaction. 


Nucleophilic substitution reaction which follows first-order kinetics is di ted Syt (Substitution 
Nucleophilic Unimolecular). 


е 
As the rate ol reaction is independent of [ОН], il is interpreted that the halide undergoes slow ionization. 


in the first step producing carbocation intermediate. In the second step a rapid attack of OH on the carbocation 
‘completes the hydrolysis. 


The energy required for the ionization of the halide Is supplied by the energy ої solvation of the ions. Since a 
carbocation is formed in the slowest step, the alkyl halide which can most easily form a stable carbocation will 
favour hydrolysis by Sy path. Hence, the order of hydrolysis of alkyl halides by Sy1 path is: 


Allyl, Benzyl > 3° > 2°>1°>CH,X (ctinductive effect and resonance effects) 
Stéreochemistry of 8,1 reaction— Since a carbocation is flat (p°, trigonal planar) with the vacant 2p orbital 


vertical to the plane bearing the three groups, the attack of the reagent can occur from either side of the plane 
with equal probability, i.e., a racemic product should result if the alkyl halide is chiral 


Inversion of configuration Retention et configuration 


Pure racemization (80/50 mixture) is rarely observed. This is because the leaving group lies close to the 
carbocation shielding the side from the attack til it has suffclenlly moved away, Thus, more attack of the 
reagent occurs {rom the opposite side to the leaving group. This causes more inversion than retention of 
configuration. Stable carbocations have longer Ifa to permit solvation from either side of the plane of the 
carbocation resulting in greater proportion of racemization. Greater proportion of inversion is observed with 
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more nucleophilic solvent due to faster attack from the opposite side to the leaving group. 
5,2 mechanism Nucleophilic substitution reactions which follow second-order kinetics is called 5,2 
(Substitution Nucleophilic Bimolecular) reaction. The rate of a second-order reaction depends upon the 


concentrations of both the reactants. Thus, the rate of hydrolysis of methyl bromide with NaOH has been 
found to be of second order, i.e., 


о 
the rate = [CH,Br[OH). 


Since the rate-determining step involves both CH;Br and OH, a collision between the two reactants resulting 


in the direct displacement of Br by OH occurs in such a way that while a new C ~ OH bond is being formed, 
the old C — Br bond starts breaking, i.e., the bond formation and the bond breaking are simultaneous. Hence, 
the reaction is a concerted one-step reaction without any intermediate. 

During the collision an energetic hydroxide ion approaches the methyl bromide molecule from the side 


o 
‘opposite to bromine to avoid repulsion, i.e., at 180° to the leaving group—a back-side attack. When the OH is 
sufficiently near the electron-deficient carbon of the substrate, it begins to form a bond with it and the C - Вг 
bond starts stretching. At one stage of the reaction, a state is reached when the OH and Br are partially 
bonded to the central carbon and the non-participating groups lying in a plane perpendicular to the line 
HO...C...Br. This state is called the transition state. In the transition state partial negative charge of the 
hydroxide ion is transferred to bromine via the carbon atom. With further approach of hydroxide, a complete 
C- OH bond is formed and bromine departs with the bonding pair of electrons, 


нн 
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Transition state 


Inthe transition state five groups or atoms are bonded to the a-carbon. As we go along the series from methyl 
bromide te t-butyl bromide, the increasing crowding of the carbon bearing the bromine atom progressively 
decreases the nucleophilic attack. Also, the increasing +1 effect along the series makes the carbon bearing the 
bromine progressively less positively polarised and consequently less readily attacked by the nucleophile, 
The steric factor is, however, more important than the electronic factor. Hence, the Ee for the formation of the 
transition state will be highest for 3° halides and least for methyl halides. Therefore, the rate of hydrolysis of 
alkyl halides by S,2 path is CHX > 1° > 2° > 3°, Le. reverse of Sy path, 


Stersochemistry of 82 reaction—From the course of the direct displacement reaction as shown above, it is 
seen that the molecule is turned inside out. A Walden inversion is therefore expected to lake place. An 
‘optically active halide on hydrolysis by 52 path, therefore, should give an alcoho! with inversion of 
configuration. The change of configuration can be established by observing the directions о! optical rotation. 
їп this caso, however, the substrate (bromide) and the product (alcohol) are two different compounds. The 
directions of rotation and the configurations of two diferent compounds are not usually related, Hence, the 
configurations of the substrate and the product should be related to arrive at the conclusion. 

‘An elegant method has been suggested (Huges and Ingold) to establish the inversion of configuration 
in 5,2 reaction. The method Involves the conversion of (+)2 lodooctane with potassium radiolodide (Kf) in 


acetone to (-)2-iodooctane. The reaction was found to be bimolecular (Sy), Le., rate = (C,HyCHICHI[I] 
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‘The exchange of ordinary iodide with the radioactive iodide was accompanied by the loss of optical activity. 
This indicates the formation of (-) isomer from the (+) isomer to result in racemization. 


ag Seta co 
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‘The rate of loss of optical activity (е. racemization) was found to be twice the rate of iodine exchange 
(Le. inversion)—one (+) molecule is inverted and another (+) molecule pairs with it to form a (+) modification. 
The above formulated mechanism of 5,2 reaction is therefore established. Inversion of configuration is 
always indicative ol 5,2 reaction. 

Factors influencing S,1 and S,2 reactions 

@ Solvent Polar solvents help in the separation and stabilization of unlike charges, ie., aid ionization. In 
‘Sy! reaction ionization occurs in the rato-determining step. ‘ence, polar solvents promote 5,1 reaction. In 
5,2 reaction, the charge brought in by the nucleophile is spread over a large part in the transition state. Hence 
polar solvents have lille effect on the transition state. However, highly polar solvents form strong solvent layer 
around the nucleophile. Therefore, extra energy is required to break the solvent layer for the attack. Hence 
strongly polar solvents slightly slow down the 5,2 reaction. 

0 Nucleophile In S1 reaction, a carbocation is attacked by the nucleophile. Hence, a low concentration of 
weak nucleophile is sufficient for 5,1 reaction. A high concentration of strong nucleophile may act as base by 
accepting proton from suitable carbocation resulting in the formation of alkenes. In S,2 reaction, а 
high-energy transition state has to be formed. Therefore, a high concentration of strong nucleophile is required 
for S,2 reaction. 

iii) Leaving group Less basic groups are better leaving groups because a strong base has a greater 
tendency for а backward direction in the reversible reaction НА = Н? + А? 

Strong bases such as OH, OR, FAN, etc, are not good leaving groups. Thus, alcohols are resistant to 
substitution in non-acidic medium. In acidic medium, however, the hydroxyl group leaves as H,O which is a 
weak base. e Ө 


япон He R-OH: Ete R-Br + но 


Increase in the ionic size of the elements of the same group in the periodic table causes decrease in the 
e e o9 
basicity as the charge to size ratio decreases. The basicity order of the halogens is | < Br < CI < F. Therefore, 


the rate of hydrolysis of the alkyl halides is RI > RBr > RCI by either S1 or 5,2 path. 

Spi mechanism Nucleophilic substitution reaction which follows second-order kinetics and yet with no change 
in the configuration of the product is identified as Si which means Substitution Nucleophili internal. Thus, the 
esterification of chiral alcohols with thionyl chloride results in the retention of the configuration of the product. 


Ph A^ 
\ ось Me. 

Meco Oa MS cmc) + so, + но 
d n7 


The rate of the reaction is found to be dependent on both the reactants, ia., rate = [PhCH(Me)OHI[SOCL. 
Thionyi chloride reacts with alcohol to furnish alkyl chlorosulphite (21) which has the same configuration as 
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the alcohol. There is evidence to show that the transformation of (21) to product involves an ion pair (22). 
‘The chloride ion is then supplied by the chlorosulphile anion for the attack. The attack occurs from the front 
side since the chlorosulphite anion is held from the front side. Hence, no inversion of configuration is 
observed. 
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Hence, tha reaction is designated as Sy to distinguish it from S,2. 
When the reaction is carried out in the presence of pyridine, the pyridine hydrochloride formed in the 


reaction supplies the effective nucleophile, Cl, for a back-side attack as in normal S2 reaction with inversion 
of configuration. 


- ©© 
CsHsÑ + на — CsHsN HCI 


(b) At unsaturated carbon When a carbon atom multiply bonded to hetero atom (e.g., О, N, S, etc.), 
bears a good leaving group such as Cl, OH, OR, NH;, elc., nucleophilic attack on the carbon results in 
substitution rather than addition. Some examples are given for illustration. 

(0 Hydrolysis of acid chloride, acid amide and ester: 


снусос! + HO —= снзсоон + HCI 
снусонн; + OH —= снусоон + нн; 


o 
CHSCOOC;H, + бн —» сн;соон + суон. 


(ii) Formation of acid amide from acid chloride: 


©нусос! + it —=снусойн; + HCI 
(ii) Ester from acid: 
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©нәсоон + ca BH -#-»снусоосун; + H20 
Mechanism 
The general mechanism of the reactions is: 
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The nucleophilic attack on the unsaturated carbon displaces an electron pair to the oxygen atom in the 
transition state. When the electron pair reverts, the leaving group is displaced. 

(c) Aromatic nucleophilic substitution— (i) Substitution of hydrogen of benzene — Nucleophilic substitution 
af the hydrogen of benzene is dificult because (a) the z-electron cloud will repel the nucleophile and (b) it 
‘would be difficult for the ring to accommodate the negative charge brought in by the nucleophile. However, the 
presence of a strong electron-withdrawing group may overcome the difficulties and nucleophilic substitution 
then is possible. Thus, nitrobenzene gives o-nitrophenol on treatment with strong NaOH in the presence of 
‘oxidising agents such as КМО, or K;Fe(CN)s. 


e e 
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Since ОН is a better leaving group than H^, the expulsion of Н? is aided by oxidation. 
Gi) Substitution of groups other than hydrogen ^ Nuclecphilic substitution is observed in suitably substituted 
‘aromatic compounds. These reactions may be unimolecular (51) or bimolecular (5,2). 
9,1 type—A common example of aromatic nucleophilic substitution which resembles nucleophilic substitution 
at saturated carbon by Sy1 path is the decomposition of diazonium salts in polar medium and formation of 
mixed products in the presence of various nucleophiles. 


The rate of reaction is found to be dependent on the concentration of ArN only, i.e., the reaction is 
unimolecular (Sy). Hence, it is presumed that in the first slow, rate-datermining step, heterolysis of C — № 
bond takes place with the formation of nitrogen and агу! cation. This is followed by a last attack of the 
nucleophile in the second step. The aryl cation is very reactive and takes up any nucleophile present, even 
recombines with the eliminated Nz. Therefore, the reaction is reversible. 
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Although aryl cation is very unstable, the dri 
nitrogen (bond energy of N = N = 226 kcal/mol). 


5,2 type—Halogens activated by strong electron-withdrawing groups from o- and p-positions undergo 
displacement by bimolecular mechanism 


Pac? MPa T 


е 
The rate of the reaction is proportional о the concentration of both the reactants, i.e., rate « [ArX]NuJ. The 
reaction fails in the absence of the electron-withdrawing group, МО. Hence, activation of the halogen by the 
NO, group is suggested. 


The carbon bearing the halogen is elactron-deticient due to the electron withdrawal by the NO, and CI 
groups. This promotes attack by the nucleophile, The intermediate formed on attack of the nucleophile is 


stabilized by delocalization of the negative charge by the NO, group. The intermediate then passes to more 
stable product by expulsion of the halogen. 


g force for its formation is the elimination of very stable 
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The reaction is not exactly analogous to aliphatic 5,2 reaction in the following: 
(a) The attack of the nucleophile occurs from the side as the back-side attack is sterically hindered by 
the ring. 
(b) The carbon bearing the leaving group forms four rather than five bonds as in normal 5,2 reaction. 
(с) The bond to the attacking nucleophile is first formed and then the bond to the leaving group breaks, 
ie. itis an addilion-elimination process. 
(9) An intermediate rather than a transition state is formed. Hence, the reaction is designated S2. 
(aromatic). 
(iii) Substitution of unactivated halogens (Benzyne mechanism)  Unaclivated halogens in aromatic 
‘compounds undergo indirect nucleophilic displacement in the presence of very strong bases such as 
‘sodamide in liquid ammonia at low temperature (-33°С) or strong NaOH at high temperature (240°C), 


сања + Sig MO онна + 9 
"I 
* EIS 


o 
Ithas been observed that МН, is able to remove a proton from the benzene ring. Itis therefore suggested that 
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H a 
NH; removes a proton from the ortho position to chlorine. This results in the simultaneous expulsion of Cl and 
formation of benzyne" intermediate. Benzyne is exceedingly reactive and reacts with any nucleophile present, 
in this case the solvent liquid ammonia, to form an addition product. 


‘The reaction is, therefore, an ellmination-addition process. The symmetrical benzyne intermediate can 
be attacked at either of the carbons forming the triple bond. This is observed in chlorobenzene with labelled 
carbon (C) bearing the chlorine. 


I" o 


Thus, p-chlorotoluene on treatment with strong NaOH at 340°C gives a mixture of о- and p-cresols. 

This cine-substitution (aromatic nucleophilic substitution at a different position from the leaving group) 
supports the formation of benzyne intermediate. Further support of the mechanism comes from the 
observation that no reaction takes place when both the ortho positions are substituted. 


Ш. Electrophilic (aromatic) substitution 


We know that benzene is a resonance hybrid which is а flat ring with a cyclic cloud of negative charge, above 
and below the plane of the ring. 


Benzene ring therefore discourages nucleophilic attack and encourages electrophilic attack, Alkenss also 
encourage electrophilic attack resulting in addition while the electrophilic attack on benzene results in 
substitution since addition would involve loss of resonance stabilization of benzene. 


+ Aceljenic bond in benzyne fs unlikely since the ring wil bo greatly deformed with accompanying sirain. It has been 
suggested that the third bond ls formed by tha overlap of the two sp? orbital vacated by hydrogen ала chlorine. The 
‘overlap ol tha two sp? orbitals wil be poor and consequently benzyne willbe very activ. 


e Ka 


Its existence has boon established by trapping experiment and spectroscopy. 
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Hence, the typical reactions of benzene and its derivations are electrophilic substitution. Aromatic electrophilic 
substitution includes a wide variety of reactions, e.g., nitration, sulphonation, halogenation, Friedel-Crafts 
reactions, etc. The reaction permits the direct introduction of groups to the ring and their subsequent 
transformation to various other products, 


но, 
ArH + HNO; ——9À АМО, + HO 


ACh 
ArH + Cl, — ArCl + HCI 


so, 
ArH + H,SO, —> ArSO,H + HO. 


ACi, 
ArH + RCI —> Ar + HOI * 


Mechanism 
The various aromatic electrophilic substitutions follow the same mechanistic pattem which is generalised 
below. 

The reagent and the catalyst (Lewis acids or proton acids) undergo acid-base reaction to produce the 
attacking electrophile which then attacks the ring to form a carbocation (s complex) in the first slow step. In 
the second step the proton from the site of attack is rapidly removed by the base to complete the reaction. 


The energy gained in passing from the a complex to the product (regain of aromaticity) provides the energy 
for breaking the strong С — Н bond. It may seem that the formation of с complex would involve high energy. 
This is, however, not so because the energy liberated by the formation of a C — E bond and the delocalization 
of the positive charge lowers Ihe energy of the а comple 

The rate of reaction does not involve the breaking of С = H bond. This has been established by isotope 
effect The rates of reactions are the same on replacement of hydrogen by deuterium or tritium. Hence, the 


* Aditerenco in reaction rate due to a difference in tho isotopa present in to substrate Is called isotope effect 
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rate of the substitution reaction is determined by the slow attachment of the electrophile to the ring in tha first 
step. 
Let us now consider some of the individual substitution reactions. 


(а) Nitration Мігабоп of benzene is effected with a mixture of concentrated nitric and sulphuric acids. In the 
absence of sulphuric acid the reaction is slow. Itis suggested that H,SO, acts as a strong acid and protonates 


ө 
HNO, to generate nitronium ion, NO;. This has been confirmed by various methods. 
© © но, © Ө 


HO=NOz + H250; === HO—NO: + RSO; o НО + NO; + 2HSO, 


"TQ © 9 @ 
Overall reaction is HNO; + 28:80, mh NO; + 2H50, + H0 


The nitronium ion then attacks the benzene ring to form a carbocation in the first step. 


QS eO OC OT OF 


о 
In the second step, a fast abstraction of hydrogen from the site of attack by the base (HSO,) completes. 


the reaction. 
м, м 
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The presence of appreciable amount of water in the acid mixture is not desirable since it reduces the ritronium 
ion; hence, the use of concentrated acid mixture. 


e © us 
NO, + но == Ha NO; === Hp SO, + HNO3 


Phenol, which is highly reactive due to the mesomeric effect of the OH group, is nitrated even with dilute 


HNO, A small amount of phenol is oxidized to produce HNO, which with HNO, gives ritrosonium ion, NO. 
The latter nitrosates the reactive phenol to yield nitrosophenol which is rapidly oxidized to nitrophenol with 
HNO, and nitrous acid is produced by reduction of HNO,, With the progress of the reaction more and more 
nitrous acid is produced and the reaction rate is increased. 


ж, эйе =n? nm] 
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(b)Sulphonalion Benzene on heating with concentrated or better with fuming sulphuric acid gives benzene 
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sulphonic acid, CsHsSOsH. Sulphonation can also be effected with CISO;H. 
бен; + Hz 50, === снзоун + НО 


The reaction is slow with concentrated Н;5О, but rapid with oleum or SO, in inert solvent. The electrophile is 
SO, which is present in small amount in Н;80,. 
e 


2H2 SO, === SO; + H0, + HO 


The electrophile, SO,, is neutral but has a powerful electrophilic sulphur which attacks the ring. 


grey 
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The rate-determining step involves the breaking of C.— H bond since deuterated benzene is sulphonaled more 
slowly (isotopic effect). The reaction is reversible. On treatment with steam. SO,H group is replaced by 


hydrogen. The reversibility of the reaction has practical utility, 
(c) Halogenation Free halogens can attack activated benzene rings but Lewis acid catalyst is required for 
benzene ring. 

It is suggested that probably benzene first forms а л complex with the halogen molecule, e.g., Br, The 
Lewis acid (FeBr,) then polarizes the Br — Br bond and helps in the formation of a с complex between 
benzene carbon and the electrophilic end of the polarized bromine by removing the incipient bromide ion. 
‘Subsequent abstraction of hydrogen in the second step completes the reaction. 


С> ==<©5з>=<6©5>- 


КОМ (Re — Oy * HBr Febr [DI 


The order of reactivity of tha halogens is F > Cl, > Вг, > lz. Fluorine is too reactive for practical use. 
Under ordinary condition, iodination fails. In the presence of HNO, direct iodination has been effected. The 
attacking electrophile I" is produced by HNO». 


(8) Friedel-Crafts reaction Alkylation and acylation of aromatic rings with alkyl halides and acid chlorides or 
anhydrides respectively in the presence of Lewis acids, e.g., AlCl, FeBra, BF», BCly, etc., is known as 


Friedel-Crafts reaction, 
COR coc REI а 
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(i) Alkylation—The function of the catalyst is to provide a real or potential carbocation for the electrophilic 
attack. When the alky! group can form a stable carbocation as in case of 3° halides, the attacking spacicz is 
the real carbocation which forms an ion pair (23). 


eg 
MaCür + AB ee Moye ALB 
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In other cases, a polarized complex with a potential carbocation is the attacking species. 


ie i 
R=CI + Atl = R— سان‎ AGI, 
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The intermediates (23) and (24) have been isolated in some cases. It has been observed thai the same alkyl 
halide gives a rearranged and an unrearranged product with different Lewis acid catalysts. 


лю 
Cote + мес. сно! Me сен,сме, CHaMe 


Rearrange 
Fech 
сане + Mest. оно! E> сан,сн; CMos 
Unrearranged 


Since AICI, is a stronger Lewis acid than FeCl, itis presumed that the complex with AICI, is so strongly 
polarized that the alkyl group attains almost a free carbocation character to undergo rearrangement. 


s 
мезс—Сн; 


The alkylating reagent besides alkyl halides may be aliphatic alcohols, alkenes, ethers, etc., in the 
presence of strong proton acids which generate the carbocation for the electrophilic attack 
(ii) Acylation—Acylating reagents are acid chlorides or acid anhydrides in the presence of Lewis acid. The 
electrophilic species may be (a) acyl cation as an ion pair or (b) a polarized 1 : 1 complex. Probably both 
mechanisms operate depending on conditions. 
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In both cases, one mole of the catalyst remains complexed with the product, ketone. Hence, slightly more than 
‘one mole of Lewis acid is required for acylation. Acylation may be effected with acid anhydrides also. The 


attacking species in this case may be a free RCO or RCOCI. (For further details see Friedel-Crafts reaction, 
Chapter 2.) 

Effect of substituents in aromatic rings In planning syntheses based on substitution of mono-substituted 
benzenes, it is necessary to have prior knowledge to predict which position of the ring is most likely to be 
substituted and how readily the substitution wil occur. 

It has bean observed thal the group already present influences the orientation of substitution of the 
incoming group and the reactivity of the ring. Mono-substituted benzene on further substitution gives either 
тывотөәг predominantly or a mixture of о- and p-isomers predominantly. Groups (substituents) which induce 
faster electrophilic attack than on benzene are called activating and in the reverse case (i.e. if slower) they 
are called deactivating, 

On the basis of the above, groups have been divided into two classes, ‘A’ and 'B, Thus, 


“А class of groups are o/p-orienting with activation, e.g., NR», NH, OH, OR, NHCOR, OCOR, etc. 


class of groups are m-orianting with deactivation, e.g., МО, СНО, СО;Н, ЅО;Н, CN, NR, CN, CCL,, ele. 
Let us now consider the electrophilic substitution in C,H,OR which has one ‘A’ class of groups. Benzene 
derivatives containing 'A' class of groups have in common an atom, adjacent to the ring, that has at least one 
electron pair. The electronic displacement by +M(mesomeric) effect о! these groups increases the overall 
electron density of the ring. The electron density is more marked at o- and p-positions than at mposition. 


i 


Hence, these groups cause facile (fast reaction) electrophilic substitution at о- and p-positions. 

This effect of the group OR on the rales of atlack at o- p- and m-positions can be explained on the basis 
ol the stabilities о! the transition states formed on altack at these positions. This, however, is usually not 
Possible and hence the stabilities of the c complexes which closely resemble the transition states in energy 
and structure will be examined. Thus, 


TEN WEN 
: O e Bf — (Се omm 
e 

(x 
oR oR Oor 

Q-$-0-O 


" 
Ce oe A — 
= Е $t 


It is seen that the a complexes formed on attack at o- and p-positions are both stabilized by four 
‘canonical structures relative to three for m-attack. The extra fourth structures (marked X, and X;) are specially 
stable because all the atoms have complete octet. This factor overshadows the electron-withdrawing inductive 
effect of the electronegative oxygen atom, Thus, the unshared pair of electrons on oxygen atom helps in 
greater delocalization of the positive charge formed on attack at œ and p-positions. This gives added 
resonance stability to the respective carbocations. 

As the more stable carbocations are expected to be formed more rapidly, the substitution products are 
nearly completely o-[p-isomers. 

‘Substitution in chlorobenzene Chlorine is strongly electronegative. Its electron-withdrawing inductive effect 
deactivates the ring at all positions, yet chlorine aids o- and p-substitulions. 

Оп drawing all the possible canonical forms of the с complexes formed on attack at o-, p- and m- 
positions as for C,H,OR earlier, it will be seen that the extra fourth canonical forms (a) and (b) (cf X, and X4 
for C,H;OR) for the o- and p-a complexes are specially stable since all the atoms in each have complete octet 
and the delocalization of the positive charge is beyond the ring. 
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Hence, these canonical forms make great contributions to the respective hybrids and strongly stabilize them 
relative to the a complex for the mel-altack. Therefore, though C,H,CI is less reactive than benzene, it 
undergoes o-/p-substitution. Substitution in C,H,CI is, however, more difficult than in benzene due to overall 
deactivation. (To draw the resonance forms of ай the c complexes for C,H.CI, substitute CI for OR in the 
canonical forms given lor CHOR.) 
Substitution in toluene Although there is no unshared pair in CH; group, toluene undergoes o/p-substitution. 
This is due to the +1 effect in addition to hyperconjugative effect of the methyl group, 

As before let us examine all the resonance forms of the а complexes. It is seen that one of the 
resonance forms in each case of attack at œ and p-positions has a positive charge on a carbon adjacent to 
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tho CH, group. 


These forms are specially stable being 3° carbocations. Such form is absent in case of attack at m-position. 
This outwelghs tho stability of the о complexes formed on attack at mposition. Hence toluene undergoes 
o/p-substitution, 

їп case of phenyl group substituted in benzene, an electron pair of the substituent (phenyl) group may 
stabilize the canonical forms of the с complexes for o- and p-attacks. 


х= 


Hence, biphenyl undergoes faster electrophilic attack than benzene at o- and р-розїйопз. It should be 
remembered that the effect of either activating or deactivating groups is reflected at ortho and para positions. 


does 
b-b-6-b— 


Substitution in benzene with /B' class of substituents All tha substituents of "B' class are strongly 
electron-withdrawing due to a positively charged or positively polarized atom adjacent to the ring. 


OO gH „он 
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Hence, these groups overall deactivate the ring by electron withdrawal. The deactivation is more marked at o- 
апа p-positions than at m-position, This can be seen from the stabilities of the а complexes formed on attack 


at these positions, e.g., in СН;/!О;. 
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The canonical forms (Y,) and (Yz) on attack at o- and p-positions have each positive charges on adjacent 
atoms. These forms are of high energy and do not contribute to the hybrid. Consequently, the delocalization 
of the positive charge restricted in two canonical forms of the ring for o/prattack is less than for m-attack in 
‘which no such destabilizing forms are present, Thus, the NO, group does not ald the attack at any position and 
specially discourages the attack at o- and p-positions. 

The attack at any position in CHNO; is therefore slower than in benzene and it is specially slow at 
oppositions. Hence, CHNO; undergoes m-substitution predominantly. 

From the above it is seen that the effect of either activating or deactivating groups is reflected at ortho 
and para positions while m-position remains practically unaffected. 


3. ELIMINATION REACTIONS 

When two groups or atoms from adjacent carbons are eliminated with the formation of unsaturated 
‘compounds ( alkene or alkyne), the reaction is called elimination reaction. Most commonly а nucleophile (from 
the a-carbon) and a proton from the f-carbon are eliminated. Hence, the reaction is known as 1, 2- ог 
aj-elimination or simply fi-elimination. 


Some familiar elimination reactions are: 
(9 Dehydrohalogenation of alkyl halides by base. 


$ e 
Su = 
R—cHy-cHy-x Le я-сн=сн;+ но + X 


(ii) Dehydration of alcohols by acids. 


С] 
н © 
R-CH;-CH-04 — e я-сн=сну + нњо + H 


(li) Hotmann's degradation of quarternary bases by heat, 
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R—CHy—CHy—NR3OH e н-сн=бн; + қам + H20 


The presence of at least one hydrogen on the (carbon is necessary for elimination. The driving forces for 
elimination are (a) stability of the olefin formed and (b) the relief from steric strain due to crowding in the 
substrate, 

Branching at the [kcarbon (as also at the a-carbon) of the substrate produces substituted olefins 
stabilized by hyperconjugation and hence favours elimination. Thus, Me;CCI gives only 16% olefin while 
MejCH - CMe;CI gives 62% olefin, 

Strain in the substrate due to crowding by the substituents can be relieved on the formation of olefin 
since the bond angles increase from 109.5° in the substrate (sp hybridized) to 120° in the product (sp- 
hybridized). Hence 3° halides favour elimination most and 1° halides the least, i.e., the order of elimination in 
halides is 3° > 2° > 1°, 

The elimination reactions like Sy reactions may proceed by either unimolecular or bimolecular 
mechanisms. These elimination reactions have been designated E1 and E2 on their resemblance to Syt 
mechanism and 5,2 mechanism respectively 
(а) ЕТ mechanism The elimination reaction in which the rate of reaction is dependent on the concentration of 
the substrate only, i.e., kinetically of the first order, is designated E1. Since the rate of reaction is independent 
of the concentration of the reagent, it is interpreted, as in 5,1, that the first step of the reaction is the slowest 
step involving ionization of the substrate. This is followed by the rapid removal of a proton from the f-carbon 
by the reagent in the second step. This is illustrated below. 

() Dehydrohalogenation of alkyl halides—The rate of elimination of а halacid from t-butyl bromide in basic 
medium is found to be proportional to [Me,CB1. Therefore, the halide undergoes slow ionization in the first 


step. This is followed by a rapid extraction of a proton from Ihe carbocation by the base or solvent іп the 
second step. 
low, 1 
VEN cen 
cf + — e Hit + HO (ii) 


Itis seen that a carbocation is formed in the first step in both E1 and 5,1 reactions. Hence, the reagent can 
attack the carbon to give substitution product and also can accept a proton to give elimination product. In 
Practice both alcohol (substitution product) and гїкепе (elimination product) are obtained on hydrolysis of 
Me,CBr. 
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Elimination 


When more than one alkene can be formed, that alkene will predominate which has larger number of аку 
‘groups on the double-bonded carbons—this is Saytzev' rule. This is understandable since the substitutes 
alkyl groups will stabilize the alkene by hyperconjugation, 
qu сњ 
сну-б—-сн; “He сн;-0=с-онз + CH—CH—CH=CHz 


Major Minor 


(i) Dehydration of alconols—Acid-cataiysed dehydration of alcohols follows E1 mechanism. The dehydration 
is carried out at elevated temperature vith sulphuric acid. 
Alcohol is first protonated which weakens the C — О bon". Hence, water is eliminated from tne 
protonated alcohol with generation of a carbocation. The latter then expels a proton to form a stable alkene. 
© o © 
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The concentration of acid depends upon how fast the carbocation is formed, i.e., on the stability of the 
‘carbocation. Primary alcohols ge rale unstable carbocations and hence require high temperature and high 
concentration of acid while 3° alcohols require lowr temperature and lower concentration of aci for 
dehydration, Thus, 
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Е1 reaction is facilitated by 
(i) branching at the a- and [-carbons of the substrate—tor stability of tho olefin, 
(i) strong polar solvent—to aid ionization, 
(1) low concentration of base—the greater stability of the alkene over the carbocation makes the 
extraction of proton easy. 

(b) E2 mechanism When the rate of elimination reaction is dependant on both tho substrate anc the reagent, 
ie. rate « [substrate][reagent), the reaction is kinetically of Ino socond order or bimolecular. Such bimolecular 
vlimination reaction is designated E2 on its similarity with 5,2. 


CLASSIFICATION OF ORGANIC REACTIONS. 6 


Since the reaction involves both the reactants in the rate-determining step, it is interpreted as in Sy2, 
that the reaction occurs in one step in which both the groups (proton and the leaving group) depart 
simultaneously through the intermediate transition state. It is visualized that as the base abstracts a proton 
{rom the B-carbon, simultaneous departure of the nucleophile takes place from the a-carbon. In the transition 
stata the B С— Н and a C — X bonds are stretched on the attack of the reagent with the incipient z-bond 


formation. 
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The energy of the transition state will be least when the two leaving groups, the a- and B-carbons and the 
attacking base are coplanar in the transition state, Also, the two leaving groups (Н and X) should be trans to 
each other to effect bond. 

The two leaving groups orient themselves in the trans position whe.» a а bond exists between the o- and 
B- carbons. When, however, free rotation is not allowed as in tha case of double bond, elimination is difficult 
When the two leaving groups are cis to each other. Thus, acetylene dicarboxylic acid is more easily formed 
from chlorofumaric acid (25) than trom chloromaleic acid (26). 
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EZ reaction is facilitaied by 

() branching at a- and B-carbons—since more stable olefin is formed, 

(î) strong base of high concentration—since а strong C — Н bond has to break, 

(ii) solvent of low polarity—polar solvents form a strong solvent wall around the base restricting the 

attack. Hence DMF or DMSO are usually used as solvents, 

(©) Е1сВ mechanism It may be argued that a second-order elimination reaction may as well proceed in two 
steps as in E1 reaction. The first step involves a fast and reversible removal of a proton from the B-carbon with 
the formation of a carbanion which then loses the leaving group in the second slow rate-determining stea. 
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The overz'l rate of this reaction is thus dependent on the concentration of tha conjugate base of the 
‘substrate (carbanion). Hence, this mechanism has been designated as E1c8 (Elimination, Unimolecular from 
conjugale base). 

то distinguish between E2 and Е1сВ mechanisms, deuterium exchange experiment was performed. 
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For this 2-phenylethyl bromide was treated with sodium ethoxide in EIOD. This substrate was selected 
because the Ph group is expected to increase the acidity of the [hydrogen and also to stabilize the carbanion 
to exist long enough for incorporation of deuterium in the starting material from the solvent EIOD. 


ө, 
жес e ®, 
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—— prcv=CH, + BT 
Styrene 


The reaction was interrupted before completion and analysed for deuterium content. No deuterium 
incorporation was found either in the substrate or in the styrene. Hence, no reversible carbanion was formed. 
The reaction followed E2 path. However, the E1cB mechanism does operate in substrates having strong 
electron-withdrawing groups, e.g. chlorine оп f-carbon, and poor leaving groups, e.g. fluorine as in 
ClCH - CF3. 
Elimination vs substitution Elimination reactioris are usually accompanied by substitution reactions. When 
the reagent is a good base, it accepts protons to yield elimination products (alkenes) and if it is a good 
nucleophile" then it attacks the carbon to give substitution products. 

The proportion ol elimination and substitution depends upon the following: 
(i) Structure of the substrate—in general, the proportion of elimination increases with increase in the branching 
ol the carbon chain. In other words, the proportion of elimination increases from 1° + 2° — 3° substrates. The 
reason is that alkenes formed on elimination are stabilized by hyperconjugation. Also the steric strain due to 
crowding in the substrate (sp"-hybridized, bond angles 109°) is relieved on the formation of alkene 
(Sp'-hybridized, bond angles 120°) whereas on substitution the strain is reintroduced. Suitably substituted 
Groups, e.g., C = C and Ph, in the substrate that can stabilize the developing alkene favour elimination. Thus, 
ethyl bromide gives about 1% alkene while 2-phenylethyl bromide gives about 99% styrene, 
(i) Nature of the base—Strong bases promote elimination over substitution in general, and in particular E2 
‘over E1. In low base concentration and in polar solvents Sy is favoured over E1. Higher concentration of 
base in non-polar solvents favours E2 over Sy2. Hence, alcoholic KOH favours elimination and aqueous KOH 
favours substitution. Strong nucleophiles but weak bases promote substitution over elimination whereas 
strong bases but weak nucleophiles promote elimination over substitution. Though pyridine and RN are not 
strong bases they are poor nucleophiles because the branching at the nitrogen atom causes steric hindrance 
1o nucleophilic attack on carbon. Hence, they act as base to accept the more exposed hydrogens of the 
substituent groups to afford alkene. A similar steric effect is observed with the size of the base or nucleophile. 


* Nucleophiiciy—Any species having an unshared electron pair (whether пошта! or negatively charged) hay actas 
‘nucleophile. in Sy reaction, the nucleophile is not involved in iho rate-determining step and so Ind 5,1 reactoni 
independent of the identity of nucleophile. Tha rales ol S42 reactions ага, however, influenced by the strengths o! 
nucleophiles, 

Tho conti of nucleophiles may be examined on the basis of the following. A negatively charged species is stronger 
nucleophile than is conjugated acid, ер, ОН and NH, aro stronger nuclaophlos than Н.О and NH respciely. The 
approximate order of nucleophiicily в ЇН, > RO" > OH > RII > МН, > Р > HO. 

Going down te periodic tabo, nucloophilciy incroases with the docroasing basicity of ihe elements, o, he 
пийеорһйсйу order ol tho halos is > Br” > CI > Р”. This в duo о increasing charga to sizo ratios as we фо Жол) 
the saries with progressive increase of the solvent layer by hydrogen bonding in protic solvents. This restricts 
‘nucleophile attack onthe substrato. 

‘The order is reversed in aprotic Solvents in which tho solvent layar 
 nucleophilicity order is СГ > Br > Г. 


absent, Thus, in DMF or DMSO the 
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Elimination increases with increase in the size of the nucleophile. 


(îi) Nature of solvent—For most reactions, increasing solvent polarity increases the rate of 5,1 reactions and 
decreases 5,2 reactions. Hence, the pathway сап be changed with changing polarity of the solvent, A less 
polar solvent not only favours bimolecular reactions but also E2 over 5,2. Chango of hydroxylic solvents to 


aprotic solvents increases the base strength as the solvent layer around the base by hydrogen bonding is 


absent. Thus, Cl, OH, OR, etc., are very strong bases in DMF (dimethyllormamide) or DMSO (dimethyl 
sulphoxide). The use of aprotic solvents may sometimes change the pathway from E1 to E2. 

(М) Effect of temperature— In elimination reaction a strong C — Н bond has to break, hence а high-activation 
energy is required for elimination reaction rather than for substitution reaction, 


їп general, the proportion of elimination increases on using a strong base of high concentration and a 
solvent of low polarity. On the other hand the proportion of substitution increases by using a weak base of low 
concentration and a solvent of high polarity, 


Orientation in elimination reactions Substrates having alternative [I-hydrogens give a mixture of olefins оп 
elimination, 
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To help in forecasting the major product of elimination (alkene), there are two empirical rules: (i) Saytzev 
rule and (i) Hofmann rule. 
(i) Saytzev rule—The rule states that neutral substrates (alkyl halides, alkyl toluenesulphonates) lead 
predominantly to that alkene which is more highly substituted оп the carbons of the double bond. 

In E1 mechanism the leaving group is gone before the abstraction of proton. Hence the direction of 
elimination depends wholly on the relative stabilities of the olefins. Therefore, Saytzev rule governs the 
orientation of E1 reaction. 
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In suitable substrates the rearrangement of the carbocation before elimination may give different alkenes. For 
steric reasons the non-Saytzev product may be the major product in suitable substrates. 
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The olefin obtained through path (b) is minor due to steric hindrance, In E2, it is suggested that the incipient 
olefinic bond formation in the transition stato is being stabilized by the inductive effect of the alkyl groups, 
thereby lowering tho energy of the transition state. Therefore, with the increasing number of alkyl groups there 
will be increasing stability of the transition state with progressive lowering of energy of tho transition state. 


(Mage and CHg ae ©) 
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(î) Hofmann rule—When а quaternary ammonium hydroxide is strongly heated (<125°C) it decomposes to 
yield a tertiary amine. water and alkene. 


9 a^ 
меун—сн;—он;—снз0н > мөн: + CHy=CH—CHs + H20 


This is known as Hofmann elimination or f-elimination. The reaction involves abstraction of a proton from 
carbon with the simultaneous expulsion of the leaving group. 


uo 


Mei NACH CCH-CHs He Mog: + сн. =сн-сну + H20 


When there are alternative [I-hydrogens in the quaternary ammonium salts, a mixture of alkenes is formed. 


Hofmann rule states that in case of eltemative B-hydrogens in the charged substrates (quatemary 
ammonium and sulphonium salts), the least substituted alkene is predominantly formed. 


Thus, 2-butylquaternary ammonium hydroxide undergoes Hofmann elimination to give 1-butene as the 


major product. 
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Minor (5%) 


To explain, it has been suggested that the strong electron-withdrawing effect of Ме, group makes the 
hydrogens of the f-carbons more acidic for facile abstraction by the base and stabilizes the incipient 
carbanion formation in the transition slate on gradual stretching of tho В C — Н bond, In this particular 
compound with alternative f-hydrogens, the [Y"-hydrogens ara less acidic due to +1 effect of the adjacent 
methyl group. Hence, “hydrogen which is relatively mare acidic is removed to give predominantly lbutene. 

Hofmann product increases on increasing branching in tho base, 


Steric eff ing in the 
leaving group or in the substrate promotes Hofmann oliminz.ion. онн 
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In general the proton acidity and for tht matter the inductive effact is the more important factor for 
Hofmann elimination. Whatever be the conditions, that alkene is formed in which its double bond is conjugated 


with Ph or C = C groups, e.g. 
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Hofmann elimination has been very useful in the degradation ot nitrogeneous heterocyclics for structure. 
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1 4-Pentadiene 


stereochemistry of E2 Elimination results in n-bond formation. In E2 reaction the p orbitals which develop оп 
the a- and B-carbons with the departure of the leaving groups should be parallel fur maximum overlap. For this 
both the leaving groups and the carbons bearing them should be in one plane. 

When the two leaving groups are planar there car-be two extreme conformations: (a) anti-periplanar 
(27), i.e., the two groups are in trans position and (b) syn-periplanar (2A), i.e., the two groups are in cis 
position, 

The elimination then may proceed as given below. 


From ihe Newman projections of the trans and cis conformations the elimination is expected to Se more facile 
from the trans conformation (27a) than from the cis conformation (28a). This is because (i) in (27a) the 
attacking base approaches from the farthest side of the leaving group while in (28a) the attack is from the 
зате side of the leaving group which causes repulsion, (i) the developing charge on the (carbon displaces 
the leaving group with its bonding pair from the back side (as In 5,2), a path of least energy, and what is most 
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important is (ii) the elimination occurs trom the lower-energy staggered conformation (27a) than from the 
higher-energy eclipsed conformation (28a). 

Hence, the transition state and consequently the pathway for elimination Is of lower energy when the 
leaving groups are trans (27) than when they are cis (28). 

Therefore, most E2 reactions proceed faster when the leaving groups are trans (25) than when they are 
cis (26). The B-isomer of hexachlorocyclohexane has all the six chlorines in the equatorial bonds so that they 
are ай trans to each other and no hydrogen is available in the trans position. The result is that the elimination 
of HCl is slower by 7000-24000 times in B-isomer than in other isomers. 


4. MOLECULAR REARRANGEMENTS 


In most organic reactions the functional group of the substrate undergoes structural change without aflecting 
the carbon skeleton of the molecule, There are however many other organic reactions in which atoms, groups 
(аку or aryl), double bonds or functional groups migrate within the molecule. The latter types of reactions аге 
known as rearrangement reactions or molecular rearrangement. Thus, molecular rearrangement involves 
modification in the sequence of atoms or groups in а molecule resulting in a new structure. 
Migration of atoms or groups occurs from one atom to another (usually adjacent) within the same 

molecule by Whitmore 1, 2-shift. 
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The atom A is called the migration origin and the atom В is called the migration terminus, The shift of M from 
Ato Bis called 1, 2-shift. When M is hydrogen, alkyl or aryl group, it is called 1, 2-hydride shift 1, 2-alkyl shit 
or 1, 2-aryi shift respectively. The migrating group may move with its bonding pair of electrons (anionatropic), 
without the bonding pair (cationotropic) or with a single electron (free radical). This means that rearrangement 
may take place through intermediates that are cations, anions or free radicals. 


А large number of molecular rearrangements involve anionotropic migration of a group to an adjacent 


atom with incomplete octet (ie. electron-deficienl). The rearrangements involving electron-deficient species 
ага more common. 


Rearrangement due to migration to electron-deficient atoms (C, М, О) 
During а reaction an electronegative group may depart with its bonding pair of electrons leaving behind an 
electron-deficient atom with six electrons, This results in the migration 


(1, 2-shift) of a group with its bonding 
pair from the adjacent atom to the electron-deficient atom, The migrating group may be hydrogen, carbon. 
nitrogen, oxygen, sulphur or halogens, 


The migrating group may either (I) detach from tho migration origin and then form bond with the 


migration terminus (electron-deficiant atom) or (1) may remain partly bonded to both migration origin and 


terminus to form a bridged lon intermediate or transition state, The general mechanistic possibilities by *« 
2-shift are given below, 
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When M is a hetero alom, besides crossover experiments there is stereochemical evidence that (29) is 
formed. The nonbonding electrons of the hetero atom are said to be involved in the neighbouring group 
participation in forming (29) since the rale of reaction is increased by anchimeric" assistance. Alkyl group or 
hydrogen has no non-bonding electrons. It is quite possible that those groups first leave the migration origin 
to form open ion and then form the bridged ion because the rearrangements do not show the increased rate 
‘expected Irom anchimeric assistance. 


The corresponding rearrangements with radical and anion intermediates are seldom encountered 


because of unfavourable distribution of electrons in the molacular orbital encompassing the three atoms in the 
bridged ion. Rearrangements to elaciron-deficient carbon, nitrogen and oxygen will be separately studied. 


Rearrangements to electron-deficient carbon (Carbocation rearrangement) 

Carbocation intermediates are generated in the course of various types of reactions, e.g.. (i) solvolytic 
substitution and elimination reactions (i) protonation of alcohols, ethers, alkenes, alkynes, elc. 
(ii) decomposition of diazonium salts, etc. If the carbocation generated in a reaction is unstable, it rearranges 
to a more stable carbocation by 1.2 shift so that rearrangement is observed in the product. Thus, the driving 
force of the rearrangement is the stability of the carbocation which depends on the dispersal of the positive 
charge on the carbon. The dispersal of the charge increases with increased substituents on the cationic 
carbon by inductive and hyperconjugative effects. Conjugation of cationic carbon with л electrons increases 
the stability further. This may reverse the rearrangement, 6.0. 
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Thus, the stability order of carbocations is: 


= When a group with an unshared electron pair and f to the leaving group is present, tho rata a! substitution is greater han 
expected. This в duo to neighbouring group participation. The fist step is intramolecular nucleophilic substitution by the 
contouring group forming a bridged ion. In tho second step the extemal nucleophile pushes out tho neighbouring 
cop. Le, Tho molecule undergoes o Spè Substitutions, во thatthe configuration is retained. Thus, the neighbouring 
group aids the nucleophilic attack and consequently increasos the rat. 
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Initially formed carbocation and the rearranged carbocation may undergo various substitution and elimination 
reactions to yield severa! products with or without the change in the carbon skeleton. This is illustrated below. 
(a) Carbocation rearrangement without change in the carbon skeleton (i) On diazotisation, 1-amino butane 
produces 1-buty! cation (1°) which rearranges lo 2-bulyl cation (2°). Both 1° and 2° carbocations under the 
condition of reaction undergo substitution and elimination to give alcohols and alkene, 
ө 
месн; CHa CHaNH PZ месн CH2 CHa 
Hot 
Further, botn the cations may add lo the alkene formed to give newer carbocations which may again undergo 
the whole series of reactions. Thus, a plethora of products may be formed. 
њо 
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месн;он (OH) CHa 
2-Bulanol 
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+месн;сн==сн; 


No change in the carbon skeletons in the products is observed. Since stable carbocations have longer Ие, ће 
yields of the products formed through 2° carbocation (2-butyl) are higher than those from the less stable 
initially formed “° carbocation (1-butyl). This is reflected in the higher percentage yields of 2-butanol over 
1-butanol. 

(i) Allylic rearrangement—Another most widely recognized example of this class of rearrangement occurs in 
the substitution at the allylic position in which the double bond migrates from one position to an adjacent 
position with consequent rearrangement of the carbocation. Thus, solvolysis of 3-chlorobut-1-ene (30) in 
EtOH by 5,1 path gives two isomeric ethers, (31) and (312). 
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Witt NaOEt in high concentration. the reaction follows S,2 path with no rearrangement, 
а 
219 + 'бн-он=он, —=во-ен-сн=сн; 
Me 


When, however, the alpha carbon is substituted with bulky groups, direct 8,2 displacement with allylic 
rearrangement is observed. 
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Bimolecular displacement reaction with allylic rearrangements are designated 5,2. 


(b) Carbocation rearrangement with change in the carbon skeleton. (î) Hydrocarbon rearrangement—During 
the cracking of petroleum hydrocarbons in the presence of Lewis acids, carbocations are generated from 
straight-chain hydrocarbons. These carbocations undergo rearrangements to form branched-chain products. 
The process has been commercially utilized lor producing anti-knock fuels for automobiles. 
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Another example is the interconversion of methylcyclopentane and cyclohexane. 
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Ir. the presence of acids, carbocations generated from alkenes readily undergo rearrangement to form 
products with change in the carbon skeleton. 
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In the Friedel-Crafts alkylation, the alkyl cations rearrange before attacking, 
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Dienona-phenol conversion involves carbocation rearrangement (see Chapter 2). 


(8) Neopentyl rearrangement—Hydrolysis о! neopentyi bromide (32) under Sy1 conditions gives 
2-methyl-butane-2-o| (33) instead of the expected neorentyl alcoho! (34). 


Along with (33), 2-methylbutene-2 (36) is also obtained. This Is explained due to the rearrangement of the first 
formed 1° carbozation to 2° carbocation (35). 
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Reaction under Sy2 conditions is slow due to steric factors. However, (32) forms neopentyl ethyl ether (37) by 
Sy path on treatment with sodium ethoxide without rearrangement 
E 
мезс-снвг ÊZ меус—сн;он. 
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Hence, in the absence of other information rearrangement is often taken as an evidence of 5,1 reaction and 
for that matter carbocation formation. However, the phenyl analogue (38) of neopentyl-type bromide does not 
rearrange due to the greater stability of the benzyl cation (39) over 3° carbocation. 
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(ii) Pinacol-pinacolone rearrangement—Acid-catalysed conversion of 1, 2-diols (e.g., pinacol) to ketones 
(e.g. pinacolone) is another example of the rearrangement of carbocation with change in the carbon skeleton. 
The rearrangement involves 1, 2-melhyl shift. 
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The 3° carbocation (40) rearranges to (41) due to the extra stabilization conferred by the oxygen atom. (For 
further details see Chapter 2). 

(iv) Rearrangements of the alicyclic ring systems—Demjanov rearrangement—The rearrangements of the 
carbocations generated during the deamination of alicyclic primary amines is known as Demjanov 
rearrangement, The rearrangement results in substitution, elimination and ring contraction or expansion. 

Thus, cyclobulylamine (42) on treatment with nitrous acid gives a mixture of cyclobutanol (43) and 
cyclopropylcarbinol (44), the latter with ring contraction. 
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If cyclobuly! methylamine (45) is treated with nitrous acid, four products are obtained, viz., cyclobutylcarbinol 
(48). cyclopentanol (47), methylene cyclobutene (48) and cyclopentene (49) in which ring expansion is 
observed in (47) and (49). 
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It will be seen that when the positive charge is on the alicyclic ring, the migration of ring methylene group 
causes ring contraction (44). When the positive charge is placed on the carbon « to the alicyclic ring, 
expansion of the ring occurs (47) & (49). 

By this rearrangement, seven- and eight-membered rings may be prepared. 
(ч) Wolff rearrangement—This rearrangement does not involve carbocations. It involves. rearrangement to 
electron-deficient carbon but without any charge on the carbon, ie., a carbene. Thus, a-diazoketones 
rearrange to ketenes with loss of nitrogen in the presence o! solid Ag;O or on irradiation or heating. 


A020. 
RCOCH Na R—CH=C=0 + № 


Ketenes are very reactive and react with the nucleophiles present. Thus, the reaction in the presence of water, 
alcohols ог amines gives acids and their derivatives, 

Mechanism The reaction involves migration of the group, R, to the adjacent electron-deficient carbon (but 
uncharged) formed on the departure of nitrogen molecule. This has been suggested on the observation that 
the isotopically labelled carbonyl carbon of the d-diazoketone is found to be present in the carboxyl carbon of 
the resulting acid when the reaction is carried out in the presence of water 
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Splitting of nitrogen and migration of R may be concerted. The group R migrates with retention of 
configuration if R is chiral. This has been confirmed. (See Chapter 2.) 

Stereochemistry of carbocation rearrangements We have seen that the migrating group remains joined to 
both the migration origin and the terminus during the migration. This has been confirmed by the crossover 
experiments with two similar substrates with different migrating groups in the samé reaction mixture when no 
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crossover products were obtained. In case of hydrogen migration, the reaction was conducted in 0,0 or EOD 
but no deuterium was incorporated in the product. The rearrangement is therefore intramolecular. Hence, 
when the migrating group is chiral, we can expect no change in configuration of the migrating group. 

‘There is evidence to indicate that inversion of configuration occurs at both migration origin and migration 
terminus. This is explained on the basis of bridged ion intermediate as in the case of trans-addition to alke. s 
through the brominium ion intermediate. (See p. 34) 


where Ris chiral 


It was, however, found that the inversion was not 100% and a smail amount of mirror-image compound was 
obtained. This may be due to rotation about the С — C bond through the open-ion intermediate. 


Rearrangements to electron-deficient nitrogen 

Similar to the electron-deficient carbons such as carbocation and carbene intermediates, electron-deficient 
nitrogen species are known in which the nitrogen bears a positive charge, RN: (cf carbocation) or the nitrogen 
has an open sextet of electrons, RN: a nitrene (cf. carbono). Hence, as in the case of electron-deficien 


carbons, migration of alkyl or ary groups with their bonding pair of electrons takes place to the 
electron-deficient nitrogen with consequent rea.rangement, 


Some well-known examples of rearrangements to electron-deficient nitrogen are Hofmann, Curtius, 
‘Schmidt, Beckmann rearrangements, etc, The general pattem of the rearrangement of this group of reactions 
is shown below: 
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Beckmann rearrangement involves the conversion of ketoximes to amides while the rest involves the 
transformation of acids into an amine with one carbon less than the starting acid. Thus: 
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The configuration of the migrating group is retained in all the rearrangements of electron-deficient 
nitrogen. This has been confirmed by correlating the configurations of the chiral acid and the resulting chiral 
amine in Hofmann rearrangement, Both have the same relative configurations. 
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Rearrangements to electron-deficient oxygen 

From the foregoing rearrangements to electron-deficient carbons and nitrogens, it is logical to expect similar 
rearrangements to electron-deficlent oxygen. Such rearrangements are indeed observed in Baeyer-Villiger 
oxidation and hydroperoxide rearrangement. 

(0 Baeyer-Viliger oxidation—The reaction involves the oxidation of Ketones to esters by reaction with 


hydrogen peroxide or peracids 
RICO + R'COH —= RCOOR + R'COOH 


Cyclic ketones are converted to lactones with ring expansion. 
Mechanism Acid-catalysed addition of peracid to ketones gives an adduct, peroxide intermediate (50). The 
adduct then undergoes loss of carboxylate anion and migration of a group to the electron-deficient oxygen to 
give the protonated ester, 
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The key step of the reaction is the heterolytic fission of the O-O bond of the adduct to generate ап 
electron-delicient oxygen to which te migration occurs. 


Electron-releasing substituents in the migrating group, R, and electron-withdrawing substituents in R” 
H 
group of the acid promote the reaction. Hence, the loss of R'COO and migration of R is concerted. It has been 


found that the labelled oxygen of the ketone is entirely present as the carbonyl oxygen of the ester which 
supports the mechanism. 
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(i) Hydroperoxide rearrangement—A similar rearrangement is observed in the acid-catalysed decomposition 
of hydroperoxides. Hydroperoxides are prepared by air oxidation of hydrocarbons or by sulphuric acid induced 
addition of hydrogen peroxide to double bonds. 


Thus, acid-calalysed decomposition of ситепе hydroperoxide occurs in the following steps. 


This method is ulilized for the industrial preparation of acetone and phenol. 


Rearrangements to aromatic nucleus 


These rearrangements involve the migration of a group, X, from a substituted hetero atom Z to the activated 
positions of the aromatic nucleus, e.g.. ortho and para positions of benzene ring. 
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The rearrangements may be classified on the basis of hetero atoms beating the migrating groups. 


(a) Rearrangements of phenol derivatives Claisen and Fries rearrangements are examples of this class of 
rearrangements (see Chapter 2). 


(0 Claisen rearrangement—The reaction involves the migration of айу! group from oxygen to the ortho 
position, When both the ortho positions are substituted, migration occurs а! the para position, 
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Studies with labelled carbon indicates end-interchange during ortho migration. During para migration the 
end-interchange occurs twice so that there is no rearrangement in the final product, 
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Similar rearrangement is observed in aliphatic айу! others, 
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(i) Fries rearrangement—Phenolic esters on heating in the presence of AICI, give o- and p-acyl phenols. The 
rearrangement involves migration of acyl group from the oxygen to the aromatic ring, i.e., the reaction is а selt- 
acylation. 


Ө 
ососну БЕ OACI [775 он он 
©=© fo. o 
©оснз ©осн; 


(b) Rearrangement of aniline derivatives A group of rearrangements involves the migration of groups from 
nitrogen to the aromatic ring on treatment with mineral acids. These rearrangements are either intramolecular 
or intermolecular. Thus— 

Intramolecular rearrangement: 
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Other examples are the conversion of phenyinitramine to o- and pnitroaniines and phenytsulphamic acid to 
sulphanilic acid and orthanilic acid. 
Intermolecular rearrangement: 


oe NHCOCH, ^ NHCOCH, 
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Other examples ol intermolecular rearrangements are the conversion of 
() Diazoaminobenzene to p-aminoazobenzene 
(î) N-metnyl-N-nitrosoanilina to p-nitroso-N-methylaniline 
(iî) Nephenylnydroxylamine to p-aminophenol 
(iv) N, N-Dimethylanilinium chloride to 2, 4-dimethylanilinium chloride, elc. 


Chapter 2 
Reactions and Rearrangements 


Introduction 
There are quite a large number of organic reactions and molecular rearrangements which are of wide 
synthetic importance and application and hence are associated with the names of their discoverers. 

These reactions illustrate the applications of the various types of basic organic reactions, e.g., addition, 
substitution, elimination, rearrangement, etc., given in Chapter 1. 

By the dexterous application of these named reactions and rearrangements, it has been possible to 
produce useful materials for civil and military use—medicines, fuels, lubricants, paints, fabrics, polymers, 
building materials, explosives, etc. 

‘Some of these reactions are of such great importance for thelr varied and useful appli 
discoverers have been awarded Nobel prizes. 

There exist a number of excellent treatises on the organic reactions and their mechanisms written by 
eminent authors. Many of those, however, are very wide in their coverage and cite detailed evidence in 
support of the accepted mechanisms. In the present treatise which is mainly intended for graduate course 
students, accepted mechanisms have been taken for granted without going too deep in the logic as to haw the 
mechanisms were arrived at. 
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ACYLOIN CONDENSATION 


When carboxylic acid esters are refluxed with metallic sodium in aprotic solvents such as ether, benzene, 
toluene or xylene. free from oxygen. a-hydroxy ketones called acyloins are formed. This is called acyloin 
condensation 

Ма Xylene R= 
oF tune А-2; 


CHCOOH | я-с=о 
R-G-oH 


А 
2. н-©-осн, 


й 
Ain 
The yield of acyloin is good when А = alkyl group. With diesters, cyclic acyloins have been prepared. 


Mechanism. 
The mechanism of the condensation is not clearly known but it is suggested that the reaction proceeds 
through a diketone intermediate, since diketone has been isolated in small amounts as a side product. 

As the reaction occurs in the presence of metallic sodium, a direct transfer of electron, i.e., а radical 
‘mechanism is suggested. 

The metallic sodium donates its electron to the carbonyl carbon to give (1) which subsequently dimerizes 
1o yield (Ii). Loss of both the alkoxy groups from (И) produces 1, 2-ciketone (11). Further reduction gives 
sodium salt of enediol (IV). Finally, addition of acid yields 1, 2-diol which taulomerizes to the stable 


acyloin (V). 
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Small traces of oxygen reduce the yield, Hence the reaction is carried out in an atmosphere of 
oxygen-free nitrogen. 


Applications 
The condensation has considerable preparative value. 


1. Preparation of cyclic acyloins The condensation has been employed with great success for the 
preparation of cyclic acyloins. Long-chain dicarboxylic esters have been converted to large-ring compounds 
‘without high dilution technique. The method is the best for closing rings of ten members or more. 
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The yields аге as high as 60-95% for 10 to 20 membered rings. 


To account for the ready formation of large rings, it is suggested that the two ends of the ester are 
adsorbed, albeit weakly, to nearby sites on the surface of the sodium metal. Thus, the reactive ends are not 
available for intermolecular coupling to compete with cyclisation 


pe ә [991 
= юз, с. © 


0-6 — — chon 


, Where n= 10 20 or more. 
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2. Preparation of catenane An interesting and unique compound called catenane, a compound with 
interlocking rings, was formed when acyloin condensation was employed for ring closure with ester of 
За-сатоп dicarboxylic acid. 
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Catarare 


The compound has a great prospect as polymer. Unfortunately, the amount formed is very low. Itis, in 
fact, a chance product depending upon the possibility of threading of diester molecule through the acyloin ring 
before it closed. 


ALDOL CONDENSATION 


‘Aldehydes having a-hydrogen(s) undergo sell-condensation on warming with dilute or mild base to give 
hydroxy aldehydes, called aldols (aldehyde + alcohol). This reaction is known as aldol condensation. 
A typical example is the reaction of acetaldehyde with base under mild condition. 
% 
снусно + снусно «==== сн;снон)сн:сно 
Аана 


Various basic reagents such as dilute sodium hydroxide, aqueous alkali carbonate, alkali metal alkoxides, 
ес, may be used. The reaction is not favourable for ketones. 


Aldol condensation has broad scope. It can occur between 
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() two identical or different aldehydes, 
(i) two identical or different ketones and 
(î) an aldehyde and a ketone. 


When the condensation is between two different carbonyl compounds, it is called crossed aldol condensation. 
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The first step involves the formation of a resonance-stabilized enolate anion by the removal of an a-hydragen 
{rom the aldehyde by the base. In the second step the enolate anion attacks the carbonyl carbon of the second 
molecule of the aldehyde to form an alkoxide ion. The latter then takes up a proton from the solvent to yield 
aldol in the third step. 
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Thus, the overall reaction is an addition of enolate anion to the carbonyl double bond. [Recall that Michael 
reaction involves addition to an activated carbon-carbon double bond 


Usually aldol as such is not isolated, e.g., acelaldol is isolated as а cyclic hemiacetal 
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Cyclic hemiacetal 
Aldol is isolated under reasonable mild condition, i.e., using aqueous K,CO, as base. 


The reaction between two ketones is net very successful. The equilibrium is not favourable and lies lar to the 
lett. 
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This is because the carbonyl carbon of ketone is less positive (duo to +1 effect) and mora sterically hindered 
relative to aldehydes, This reduces the nucleophilic attack on the carbonyl carbon. However, it is possible to 
prepare diacetone alcohol in reasonable good yield by boiling acetone with solid Ва(ОН) in a specially 
devised apparatus. 


Salient features of aldol condensation 
(а) Aldols are easily dehydrated to о, D-unsalurated compounds on heating alone or with acid or base. 
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(b) When aldo! condensation is carried out in the presence of strong alkali, repeated condensation and 


dehydration results in the formation of resins. 
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(c) The condensation is promoted by -I effect and reduced by +! effect on the carbonyl carbon. 
(d) The reaction equilibrium is favourable for aldehydes but much less favourable for ketones. 


Crossed aldol condensation 

When the condensation is between two different carbonyl compounds, itis called crossed aldol condensation, 
( Crossed aldo! condensation between two different aldehydes When both the aldehydes have 
a-hydrogen(s) both can form carbanions and also can act as carbanion acceptors. Hence a mixture of four 
products are formed which has litte synthetic use. If one of the aldehydes has no a-hydrogen then it can act 
only as a carbanion acceptor. In such case two products are formed, e.g., 
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®) снзсно + снзсно CH снуснонуснәсно 
Simple product (normal) 


However, a good yield of the crossed product is obtained by slowly adding the aldehyde having o-hydrogen 
to a mixture of the aldehyde having по a-hydrogen and the catalyst, e... 
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Slow adaion Cinvamaldelyte. 


Formaldehyde having no o-hydrogen is a reactive carbanion acceptor due to the absence of steric hindrance 
and +1 effect. Hence, when acetaldehyde is treated with excess of formaldehyde in the presence of 
Ca(OH), crossed aldol condensation continues (three times) until trihydroxymethyl acetaldehyde, 
(HOCH,);CCHO (1) is formed. Tho latter having no cchydrogon undergoes crossed Cannizzaro reaction to 
form pentaerythritol. 
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(ii) Crossed aldol condensation between two different ketones Due to poor reactivity of carbonyl carbons (+! 
effect and crowding) of ketones, a poor yield is obtained and so itis rarely attempted. 

(ii) Crossed aldol condensation between an aldehyde and a ketone (a) When an aldehyde and a ketone both 
having ochydrogens are condensed, two products are obtained. This is because ketones are poor carbanion 
acceptors and so cannot undergo self-condensation. Aldehydes being more reactive than ketones act as 
carbanion acceptors and the ketones provide the carbanions. 
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Usually, the crossed product is the predominant product. The formation of acetaldol 
slowly adding the aldehyde to the mixture of ketone and the catalyst base. 

(b) When the addition is between a ketone and an aldehyde with no a-hydrogen, only one product is 
obtained. This is because the ketones are less reactive and cannot undergo self-condensation and the 
aldehyde does not undergo Cannizaro reaction which is slower than aldol condensation. Hence the ketone 
provides the carbanion and the aldehyde acts as the carbanion acceptor. Thus, 


in be minimized by 
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4 Hyêrocyoutanone:2 


‘The reaction (il) is difficult to stop at this stage and proceeds further til ай the hydrogens of the ketone have 
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been replaced by hydroxymethyl group to give (HOCH;),C-CO-C(CH,OH).. 


Dehydration of aldols 
Aldols can be easily dehydrated to о, f-unsaturated compounds in the acidic or basic medium and sometimes 
on imple heating. 
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Applications 


Several synthetic preparations are based on simple and crossed aldol condensations. Saturated and 
unsaturated aldehydes, ketones and alcohols of synthetic importance may be prepared. 
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(ii) The intermediate B-ionone required for the synthesis of vitamin A is prepared by the condensation of ial 
with acetone and subsequent treatment with born trifluoride. 


(м) Aldol condensation is also etfected in the presence о! acid. Acetone with dry hydrochloric acid gas slowly 
Gives mesityl oxide and phorone. 


Dry HCI gas снәсосн, 
CHACON e (CHhCECHCOCH uo 7 (онус шон -со-снессну: 
Мез onide Pune. 
Mesitylene is obtained on distiling acetone with sulphuric acid, 


(V) Aldol condensation of glycolaldehyde gives monosaccharides, 
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NaOH. 
эснзонсно Me Саноо 
Glycollóehyde formose 


(vi) Pyridine and quinoline having methyl groups at positions -2 and ~4 undergo aldol type of condensation 


with aldehydes. The process forms the basis for the preparation of an important class ol dyes, e.g., cyanine 
dyes (photographic sensitisers) 
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(vii) A number of compounds which have acidic C-H bonds undergo aldol-type condensation with aldehydes 
and ketones to produce valuable synthetic intermediates. 


Thus, condensation of acetylene with aldehydes or ketones gives acetylenic alcohol, a valuable 
‘commercial product. 
2040 + нсшсн “= нонзс-с=с-снюн 
2Butyne-, 440 


The process is known as ethynylation. 
Pentaerythritol (see above) is a valuable chemical. It is a medicine for heart trouble. Its nitroderivative, 


penterythritol tetra nitrate (PENT is a valuable explosive. It is also used аз a surlace-coating agent. Reactions 
closely related to aldol condensation are: Perkin, Claisen, Knoevenagel, Dieckmann, Doebner, etc. 


ALLYLIC REARRANGEMENT 


Allylic compounds are those which have a functional group on a carbon atom œ to an olefinic bond, e.g.. 


The double bond (and the functional group) in these compounds undergo acid- or base-catalyzed 
migration to form a new compound. 


Examples: 
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‘The incoming and outgoing nucleophiles may not be the same. 
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Such transformations which involve migration of the double bond and the functional group from one 
carbon to another is known as allylic rearrangement. 


Mechanism 


Allylic rearrangement is observed generally in nucleophilic substitution reactions which may be Sy! or 5,2 
type. 

9,1 type Unimolecular nucleophilic substitution (S1) reaction in allylic compounds is almost always 
accompanied with rearrangement resulting in the formation of two products—one normal and the other 
rearranged. Thus, solvolysis of c-methylally chloride with alcohol gives two products (see eq. c). This is 
understandable. The delocalisation of the positive charge in the first-formed carbocation (i) indicates partal 
positive charge on both C, and Cs. The nucleophilic attack can thus occur at both C, and C; to yield two 


products which are indeed obtained. 

9 en me fing 

CHy-CHCI-CH-CH, === CI + CH3-CH-CH=CH 9— сну-снсн-сн, | сну-сн-сн-сн; 

0 Partal charge at 
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Мота (Sy) oroduct Rearanged (Sy) product 


The 5,1 reaction in which a rearranged product is obtained has been designated S,,1* to distinguish it 
trom the normal 541 reaction. 
5,2 type When the substitution in allylic compounds is carried out under 6,2 conditions, i.e., in the presence 
of sodium ethoxide and alcohol, the reaction proceeds as normal 5,2 reaction to yield only one product. 
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Transition stato йөне. 
However, allylic rearrangements in bimolecular substitution reactions have also been observed in some 
cases. Such reactions are designated as S2". 
In Sy2' reaction, the nucleophile attacks the unsaturated y-carbon rather than the a-carbon to give the 
rearranged product, а x 
Eon e м ноне, +9 
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Generally the S,2 reaction is much faster than the 5,27 reaction. 


However, the SyZ' reaction may proceed concurrently with S,2 or even to the exclusion of 5,2 when the 
a-carbon is crowded with substituents, The crowding in the a-carbon restricts the direct approach of the 
nucleophile to the a-carbon so that S,2" reaction becomes significant. 

Thus, a-chloroally! chloride with sodium ethoxide in ethanol gives а normal 5,2 product and а 
rearranged Sy" product as well. 
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09 807 + cH, Ссн Ан (CI SHE eio ci, -сн=снс (RearangedSyz product) 


VChon-3-ethorgpropene-t Са 


With highly substituted a-carbon, the 5,2 attack is completely inhibited and only the rearranged product is 
obtained (5,27. 
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The 5,2 reaction is stereospecific. The nucleophile attacks from tho same side of the molecule as the 
leaving group producing the same stereoisomer. 
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Spi type A suitably substituted allyl alcohol on treatment with ЗОСІ, gives two halides. 
soci 
CH,-CH-CH-CH, — 5e CH-CH-CH-CH) + CH= 
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The formation of 2° halide with retention of configuration indicates a normal Syj reaction. The formation of 1° 


halide can be explained on the basis of the internal attack of Ci on the y-carbon with consequent shift of the 
double bond. 
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Since the reaction is analogous to 5,4, bul the attack occurring at the y-carbon instead of the a-carbon, the 
reaction has been designated Sj, 
Application 


Allylic rearrangement has been utilized in the course of synthesis of many natural products such as terpenes 
(citral, a-irone), diterpenes (phytol) sesquiterpenes (аттеѕо), vitamin A, etc. 


ARNDT-EISTERT REACTION 


The reaction consists in increasing the length of the carbon chain by one methylene group in carboxylic acids. 
нсоон—=нсн;соон. 


The reaction involves the following steps: 
The acid is first converted to acid chloride which reacts with excess ot diazomethane to form diazoketone. The 
latter on irradiation with light or heating with Ag;O in the presence of water splits off nitrogen and rearranges 


to ketene (this rearrangement of diazoketone to ketene is known as Wolff rearrangement), The ketene then 
reacts with water to form a higher homologue of the starting acid. 
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Excess of diazomethane is used to consume the liberated hydrochloric acid. 
RCOC| + снам; e RCOCHN, + HCI 
снаа + HCI — CHCI + Na 
In absence of excess diazomethane, diazoketone is lost in reacting with HCI to form chloromethyl ketone. 
RCOCHN, + HCI —» RCOCH;C + Ne 
If alcohol, ammonia or amine is present in place of water then ester, amide or substituted amide respectively 


is formed. sai 


ROL. Rencor 
2. псн,соння' 
Besides Ас; О, the reaction is catalysed by colloidal platinum, silver, copper, etc., and sometimes heat. 
The group А may be alkyl, агу, heterocyclic or alicyclic and may contain reducible groups which remain 


 ARNOT-EISTERT REACTION вт 


unaffected. Acidic groups react with diazomethane and diazokelone. 
Mechanism 


Nucleophilic attack of diazomethane on the carbonyl carbon of the acid chloride gives an intermediate (i) 
which eliminates a molecule of HCI to give dlazoketone (II. Diazoketone then splits off a molecule of nitrogen 
to form а carbene (il) which rearranges to ketono. The highly reactive ketene readily reacts with the 
nucleophile present (H;O) to form the next higher acid. 
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The presence of carbene (ii) has not been detected and therefore the two steps—spiiting of nitrogen and 
migration of В group—may be concerted, 

‘The mechanism has been supported by the fact that ketenes have been isolated or trapped. Further, 
isotopic labelling experiment has shown that the carbonyl carbon of diazoketone is present in the resulting 
acid as the carboxyl carbon. 
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The group R migrates with retention of configuration, for an optically active acid on conversion to its hi 
homologue and subsequent Barbior-Weiland degradation gives the original acid with the same configuration. 

Mild reaction conditions permit this synthesis without affecting complex or reducible groups in the 
substrate. The yield is high. It has, therefore, many synthetic applications, especially in the field of natural 
products, 


Applications 

соон сосни ©нсоон 

^ © zm OO =т= 
тсн; à 
ceNaphitoc ais Daroaacsionaphnene ° «eNlaphiylacele seis 
Т] 

ен, 18002 Ht ‚о ©з 

к „ЖЫК эң E 
" сњоњ-б-соон ey онон -6-Снюнсоон 


ols бань 
Meth d-phonyiesproe acd 


bed REACTIONS, REARRANGEMENTS AND REAGENTS: 
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4. Double bond in the substrate remains unaffected. 
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Z-TNenylacelic acid 


8. Synthesis of homoveratroyl chloride. an intermediate for papaverine synthesis. 


кы E ON 
Ros иа 


7: Synthesis of mescaline. 
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8. Diazoketones on treatment with aqueous formic acid give hydroxy ketones, 
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Probably in the absence of the catalyst, the species (ii) behaves as a carbocation and combines with he 
nucleophile, H;O to form hydroxy ketone. 
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BAEYER-VILLIGER REARRANGEMENT 


Baeyer-Villger rearrangement is an example of the migration of a group from carbon to electron-deficient 
oxygen. 

The reaction involves the oxidation of ketones to esters by the treatment with peracids such as peracetic 
acid, perbenzoic acid, pertrilluoroacetic acid, permonosulphuric acid, etc. 


o 
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Cyclic ketones are converted to lactones with ring expansion. 
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The overall reaction is an insertion of oxygen atom between the carbonyl group and the adjacent carbon 
їп ketone, Organic solvents which are inert under the conditions of reaction may be used. The choice of 
solvent depends upon the solubility of the reactants. Commonly used solvents are glacial acetic acid and 
chloroform. 


Mechanism 
Nucleophilic attack of the peracid on the protonated ketone gives an intermediate peroxide (i). The peroxide 
then undergoes loss of carboxylate anion and migration of a group from carbon to electron deficient oxygen 
to yield the protonated ester (i). Finally the loss of proton gives the ester. 
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The reaction is catalysed by acids. Electron-releasing groups in the ketone and electron-withdrawing 
groups in peracids promote the reaction rate. Pertriluoroacetic acid is very effectiva because tritluoroacetate 
ion is a good leaving group. 

The mechanism is supported by the fact that the labelled oxygen atom of the ketone is entirely present 
in the carbonyl oxygen of the ester. 


The loss of carboxylate anion and the migration of the group may be concerted. Syrkin has suggested 
that the peroxide () transforms into products by a cyclic mechanism, which shows that the last three steps 
may be concerted. 
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The migrating group retains its configuration as in other concerted reactions. For acylic compounds the 
migrating group, В? must be 2°, 3* or vinylic. However, migration of 1° айку! group may be brought about by 
using CF;CO;H or ВР,-Н,0 as reagent. 
Baeyer-Viliger oxidation can be brought about with НО; and base also in some cases. 
їп unsymmetrical ketones, that group migrates which is more electron-releasing. Thus, the migratory 
aptitude of alkyl groups is in the order 3° > 2° > 1° > CH,. Electron-releasing substituents in the ary group 
facilitate migration, The migratory order of aryl groups is p-anisy! > p-tolyl > phenyl > p-chloropheny! > 
p-nitrophenyl, etc. In case of alkyl aryl ketones, it is tha aryl group which migrates (except in case of Кошу! 
group) 
Applications 
The reaction has valuable synthetic applications. 
1. Esters Esters which are difficult to synthesize can be prepared by this method. 
° 
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2. Anhydrides When 1, 2-diketones or c-quinones are subjected to Baeyer-Viliger rearrangement, 
anhydrides are produced. 
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The products can be converted to various types of compounds, 
3, Lactones Cyclic ketonos are converted to lactones with ring expansion. 
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Long-chain hydroxyesters can be prepared from large ring-size ketones. 
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With some condensed cyclic ketones, two lactones in varying proportions are formed. For example, 
camphor gives two lactones (1) and (1) 
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Lactone (1) is the normal product formed by the migration of the tertiary bridgehead carbon while lactone 
(1) has been formed by the migration of the methylene group. The reason for the formation ol two lactones in 
diferent proportions is steric factor 
4. Elucidation of structure The ester obtained as a result of the rearrangement may be hydrolysed to acid 
and alcohol from which the structure of the substrate can be determined. 

‘The reaction is not successful with aldehydes. Aliphatic aldehydes are oxidized to acids by the migration 
of the hydrogen. 


Re 


A few aromatic aldehydes have been converted to formates by the migration of the aryl group. 
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BECKMANN REARRANGEMENT 


The acid-catalyzed conversion of ketoximes to N-substituted amides is known as Beckmann rearrangement. 
The reaction is catalysed by acidic reagents such as, H;SO,, ЗОС\„ SOs, P2O5, PCls, C, SOC, etc. 
The reaction involves the migration of a group from carbon to electron-deticient nitrogen. 
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Some aldoximes undergo the rearrangement in the presence of polyphosphoric acid (PPA) but the 

reaction is not a general one, The migration of the group doponds not on the migrational aptitude but upon the 

orientation ol the group in relation to tha ОН group. It Is found that the migrating group is always ап! (ie., 

trans) to the hydroxyl group. Thus. the reaction is stereospecific. 
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That it is always the antigroup which migrates has been confirmed by the rearrangements of the two 
isomeric oximes of 2-bromo-S-nitroacetophenone, The structures of the two isomeric oximes were first 
determined by an elegant method as given below. 

On treatment with cold NaOH solution, one isomer (I) was cyclized to 3-melhyl-5-nitropheny! isooxazole 
(I) while the other isomer (И) remained unaffected even under drastic conditions. 
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Obviously, the OH and Br groups in isomer (I) are close enough for reaction and cyclization, Hence, the 
Ме and OH groups are anti (.e., trans) to each other. In isomer (I), the OH and Br groups are far арап for 
reaction, i.e., the Me and ОН groups are syn (i, cis) to each other. Thus, the structures of isomers (I) and 
(1) are confirmed. 

Now, on subjecting the two isomers to Beckmann rearrangement it is found that (a) isomer () gives 
N-methyl-2-bromo-S-nitrobenzamide (IV) indicating the migration of the antigroup Me to the nitrogen atom and 
(b) isomer (II) gives N-(2-bromo-5-nitropheny)- acetamide (V) due to the migration of the ant-ary group to the 


nitrogen atom. 
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‘Oxime esters and ethers also undergo Beckmann rearrangement. The acidic reagents convert the OH 
group to a better leaving group—acids convert OH to H,O, other reagents convert OH to an esterdeaving 
group, e.g., ОРС, пот PCls, OSO;C,H, from CH;SO,Cl, elc. The reaction is facilitated by heat, polar 
solvents or an increase in the acid strength. 

That direct interchange of the migrating group and ОН does not occur is proved by the fact that "O is 
incorporated in the product in the presence of H, "O, 
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Mechanism. 
The mechanism of the reaction has been suggested as given below. 
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With other acidic reagents. e... PhSO,CI, the same intermediate (VI) is obtained. 
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In strong acids, the reaction proceeds with the protonation of the OH group of the oxime with 
subsequent loss of water to yield the species (vi) with electron-deficient nitrogen which is also obtained with 
other acidic reagents by the loss of ester group. The migration of А then gives a carbocation. The attack of 
water molecule on the carbon followed by the loss of proton gives the amide. 

The migrating group retains its configuration and hence the migrating group does not become 
completely free during the migration, otherwise the reaction cannot be stereospecific. Thus, the migration and 
the breaking of N-O bond may be concerted or at least very rapid. This has been supported by crossover 
experiments. 


Applications 
1. Configuration of ketoximes can be assigned A ketoxime gives an amide on Beckmann rearrangement. 
From the products of hydrolysis of the amide, the structure of the amide is known and for that matter, the 
configuration of the oxime is known. 

Thus, 
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Formation of АМН, indicates the migration of the group R to the nitrogen atom. The groups R and OH are, 
therefore, antito each other, i.e., the structure of the oxime is 
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3. Synthesis of lactams Alicyclic ketones of all ring sizes undergo the Beckmann rearrangement о! their 
oximes to yield lactams. 

A product of considerable industrial importance is perlon (valuable textile polymer) which is prepared 
from w-caprolactam. This is obtained by the Beckmann rearrangement of cyclohexanone oxime Il is 
synthesized from phenol as below. 
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Cyebhexanone Cyclohexanone ome e-Caproiaciam Poron 


Ыы REACTIONS, REARRANGEMENTS AND REAGENTS 


Similarly, cyclopentanone oxime gives 2-piperidone under Beckmann condition, Aldoximes under the 
Beckmann reaction conditions undergo dehydration to nitriles. 
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Benzadoxime Benzonitile 
(Phenyl cyanide) 


BENZILIC ACID REARRANGEMENT 


The addition of a strong base to a carbonyl group results in the formation of an anion. The reversal ol the 
anionic charge may cause expulsion of the attached group, X, e.g... 


(c. Hydrolyis of 
However, in a 1:2-diketone the group X may migrate to the adjacent electron-deticient carbonyl carbon 
forming a-hydroxy acid. 


Thus, benzil on treatment with a strong base forms benzilic acid (salt), whence the name benzilic acid 
rearrangement. 
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To 
Barium and lus hydroxides are more effective Ihan éodium or potassium hydroxides. Alkoxide ions 
(methoxide, t-butoxide, etc.) in place of hydroxide ion give the corresponding esters. 
снзона 
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Phenoxide ions aro too weak a nucleophile to attack, Besides aromatic 1, 2-diketones, aliphatic and 
heterocyclic diketones as also quinones undergo this rearrangement. 
Mechanism 
It has been seen that the rate of reaction is proportional to the concentrations of benzil and the hydroxide lon, 
ie., rale = [C4H,COCOCHALOH ] 

Ithas also been found that when the reaction Is carried out in the presence of H; "O, benzil exchanges 
"90 taster than it rearranges. 


BENZILIC ACID REARRANGEMENT * 


On the basis of the above observations, it has been suggested that a fast reversible nucleophilic attack 
occurs at the carbonyl carbon in the first step. The second step is the rate-determining step in which the 
migration occurs. Finally. a rapid proton transfer completes the process. 


‘The rearrangement is analogous to intramolecular Cannizzaro reaction of glyoxal. 


The carbonyl group which is attached to the less electron releasing of the two aryl groups is relatively 


more positively charged and, hence, is attacked by OH. Consequently, the less electron-donating ary! group 
migrates to the other carbonyl group 


(e-Tolyl group is more electron-releasing than phenyl group) 
Applications 


The reaction is a general one and can take place with aromati 
1, 2-diketones as also 1, 2-quinones. 
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Phenanthraquinone  9-Hydronyfuoreno-9- 


, heterocyclic, alicyclic, and aliphatic 
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(V) Similar benzilic acid rearrangement is observed when «-haloketones not having a-hydrogens аге 
treated with alkoxides, 


This reaction is known as semibenzilic rearrangement, 


BIRCH REDUCTION 


When aromatic rings are reduced with sodium, potassium or lithium in liquid ammonia or amine in the 
presence of alcohol, addition of hydrogen takes place at positions-1 and —4 to give an unconjugated diene. 
This is known as Birch reduction, 


Thus, benzene gives 1. 4-dihydro cyclohexadiane and naphthalene gives 1, 4-dihydronaphihalene. 
О канна, 1a Nba. 
снн CaHsOH 


Liquid ammonia serves as solvent. Primary amines may also be used as solvent with advantage, since it 
permits higher temperature of reaction. (b.p. of ethyl amine is 19°С and b.p. of liquid ammonia is 33°C.) 


Mechanism 


The accepted mechanism of reduction involves the following sequential steps: The metal transfers one 
electron to the benzene ring to produce a resonance-stabilized anion radical (а-1с) which accepts a proton 
from tho alcohol to form a radical (1). The addition of an electron from the metal to the radical produces an 
anion (II) which subsequently takes ир a proton from the alcohol to give the dihydro product. 
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The repulsion between the anionic and radical centres is minimum in (Ib) which, therefore, adds a 
proton to give (II) and subsequently a 1, 4-dihydro and nol 1,2-dihydro product Is formad 
AI higher temperatures (50-120°C), ammonia becomes tho proton source and alcohol need not be 


used. The amide lon thus formed Is a strong base and Isomorizes the 1, 4-dinydro product to 1 2.dihydro 
product. : 
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The 1, 2-dihydro product has a conjugated double bond and hence undergoes further reduction to form а 

tetrahydro derivative, 
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Cyciohexene has a single olefinic bond which is unaffected by the reagent. The presence of 
electron-withdrawing groups in the aromatic rings makes the rings more electron-accepling and hence the 
reaction is facilitated. The presence of elactran-releasing groups have the reverse effect. 

With substituted benzene the electron-donating group remains on the unsaturated carbon and the 
eleciron-withdrawing group remains on the saturated carbon in the products. 
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This is because, calculations by molecular orbital method indicate that in the anion-radical 


(а) the electron density is the greatest at the ortho or mela positions with respect to the electron-releasing 
substituent in benzene and 


(b) the electron density is the greatest at the para position with respect to the electron-withdrawing substituent 
in benzene. 
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Phenols and isolated double bonds are not reduced by this method, 


CANNIZZARO REACTION 


In the presence of a strong base, aldehydes without o-hydrogens, i.e., nonaldolizable aldehydes undergo 
sell-oxidation-reduction i.e., disproportionalion reaction, This is known as Cannizzaro reaction. Thus, 
aromatic aldehydes (ArCHO), formaldehyde (HCHO), trialkyl acetaldehydes (R,CCHO), heterocyclic 


aldehydes, 6 Усю. etc., undergo Cannizzaro reaction, 6.9., 
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2CgHsCHO + NaOH Ê сунусн;он + CsHsCOONa 
Benzyl alcohol Sodium benzoate 


2HCHO + NaOH Ê CHOH + HCOONa 
Meyl alcohol Sodium formate 


The reaction best proceeds with aromatic aldehydes. Although the reaction is characteristic of 


aldehydes without achydragen, а few aldehydes with a-hydrogen ara known which undergo Cannizzaro 
reaction. 


Э©нугонсно + NaOH ZOC. ors шон + (CHs):CHCOONA 
Dime actaldelyce омилу, Sodium2Zmelhy propan 


The reaction can also occur between two different aldehydes having no a-hydrogens when itis called crossed 
Cannizzaro reaction. 


NaOH. 
сен,©но + нсно OMS сън;сн,он + HCOONa 


When formaldehyde undergoes crossed Cannizzaro reaction with other aldehydes without a-hydrogens; it is 
seen that formaldehyde is oxidized and the other is reduced. This is because the nucleophilic attack occurs 
more readily on formaldehyde than on other aldehydes. 


Mechanism 
° 
Rapid addition of ОН to one molecule of aldehyde results іп the formation of a hydroxy alkoxide ion which 


aluminium-isopropoxide acts as a hydride-ion donor to the second molecule of aldehyde. In the final step of 
the reaction, the acid and the alkoxide ion exchange proton for reasons of stability, 
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In the presence of a very strong concentration of alkali, aldehyde first forms a doubly charged anion () 
from which a hydride anion is transferred to the second molecule of the aldehyde to form acid and an alkoxide 
jon, Subsequently, the alkoxide lon acquires a proton trom tho solvent, 


CANNIZZARO REACTION 


а + 
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Evidence in support of the mechanism 


@ The reaction follows third-order law (second order in aldehyde and first order in base), ie., rate 


<А [OH]. This suggests the reaction between the first-formed anion (from base and aldehyde) and 
another molecule of aldehyde in the rate-determining step. 


\п the presence of a high concentration of base. the reaction follows fourth-order law (second order in 
both the aldehyde and base), Le, rale « (Аи? нр 


This suggests the reaction between the doubly charged anion (formed from one molecule of aldehyde 
and two molecules of base) and another molecule of aldehyde. 


(i) That the hydride ion is directly transferred from one molecule of the aldehyde to the other, and does not 
become free in solution has been proved by the observation that the recovered alcohol does not contain 
deuterium when the reaction is performed in the presence of 00. 


It is seen that the reaction depends on the nucleophilic attack on the carbonyl carbon. Hence, factors 
Which reduce the positive charge of the carbonyl carbon retard the reaction. In extreme cases the reaction 
тау not occur, e.g., p-dimathylaminobenzaldehyde does not undergo Cannizzaro reaction. 
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Similarly, sterically hindered aldehydes do not undergo the reaction, 


Applications 
1. Crossed Cannizzaro reaction One of the most important applications is the crossed Cannizzaro reaction 
between formaldehyde and other aldehydes having a-hydrogens. 

During the reaction, the -hydrogens are replaced by hydroxymethyl groups -CH;OH through aldol 


condensation and then the product, [-hydroxyaldehyde undergoes crossed Cannizzaro reaction with 
formaldehyde 


Thus, aldehydes containing one, two or three a-hydrogons react as given below. 
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CHOH онон 
мон „©9209 һан + HCHO E 
(0 снуснсно + Hono UOI (cı MON жүн +нсоона 
а Жайса” HMC oho “Crossed Gannzzare "Ec Hoon 
педа ‘Substituted trimethylene 
aye! 
онгон E 
HENO +N HEH + NaOH 
9 CHCH;CHO. 290НО + МОН. он, соң ее = ону-с©сн;он 
Asl cond. ХОНОН Ces Сапта” он 
сно essed Cann ы 
11,1 =1гуйюжутыну 
поте 
çmon снн 
знсно +смонь, HCHO + NaOH 
«9 снусно HENO +0802, asc cuori МОМО-Ё-Ст:ОН 
Авы cond. Crossed Санаан 
Goa Сш ©нгон 
Tiydonmety Tetrametnyel methane 
tach Peery) 


Pentaerythritol is an important industrial product, Its ester win polybasic acids gives resin polymers 
used for surface coaling. Its tetranitro derivative (PETN) is a useful explosive. 
2. Intramolecular Cannizzaro reaction Dialdehydes and aketo aldehydes undergo intramolecular 
Cannizzaro reaction giving various valuable products. 
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3. Synthesis of various types of alcohols and acids 
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The reaction is useful for the preparation of substituted benzoic acid and benzyl alcohol. 
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CLAISEN CONDENSATION 


Esters having o-hydrogen on treatment with a strong base, e.g., C:HsONa, undergo sell-condensation to 
produce f-keloeslers 
1.6HsONa 


гснәсоосуну CHCOCHCOOCaHS 


26 Ethyl acetoacetate 
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This reaction is called Claisen condensation although there are several closely related reactions which 
follow the same mechanistic pattern. 


Mixed or crossed Claisen condensation also occurs between two different esters or between an ester and a 
ketone, 


Mechanism. 


Tho ethoxide ion abstracts a proton from the a-carbon of the ester to produce the anion (of the ester) which is 
а powerful nucleophile (Ist step). The nucleophilic attack of the anion on the carbonyl carbon of a second 
molecule of ester produces an oxonium ion (lind step), which eliminates an ethoxide ion to give the 
Srketoester (11га step). The B-ketoaster having an active methylene group is acidic and reacts with sodium 
ethoxide to form enolate salt (IVth step). Subsequent acidification with acetic acid (1 : 1) regenerates the 
Brketoester. 
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сну-со-сну-сооснь + CH,COONa 

The first three steps are in unfavourable equilibrium state. Hence, excess sodium ethoxide із used to 
force the equilibrium to shift in the forward direction by the formation of a resonance-stabilized enolate anion 
(М step). This is substantiated by the fact that esters having only one a-hydrogen do not undergo Claisen 
condensation with C, H,ONa. This is because tho keloester formed (analogous to step Ill) cannot be converted 
to its enolate anion due to the absence of a second a-hydrogen, with the result that the equilibrium does not 
shift to the right. 

However, in the presence of a very strong base such as triphenylmethyl sodium, such esters, e.g., ethyl 
isobutyrate, undergo Claisen condensation to give D-ketoesters. This is because tho very strong base, 
CH.) CNa acts in two ways. 

(0 It withdraws the weakly acidic «hydrogen irreversibly from the ester (analogous step | is highly 
reversible). 


сну ө сн 
сну-©н-сооснв + (Hi === снз-&—Соосуну + (суон 
Etny sobutyrata 


(î) It completely removes опе of the equilibrium products, i 
to the right. (Compare step Il.) 


ethyl alcohol, so that the equilibrium shifts 
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thy isobutyrylisobutyrate 
(CeHgjCNa + сунон ==” [CeHe)sCH + сунна 


Applications 
Simple and crossed Claisen condensations have bean extensively used in the synthesis of a wide variety of 
organic compounds, e.g., vitamins, sex hormones, alkaloids, terpenes, flavones, etc. 

Crossed Claisen condensations between two different esters (both having a-hydrogens) have litle 
synthetic value, for a mixture of four products ara obtained. However, if one of tho esters has no o-hydrogen, 
il acts as a carbanion acceptor and the solt-condensation ol the other ester is minimized. Commonly used 
esters with no a-hydrogen are ethylbenzoate, ethyl formate, ethyloxalale, ethyl carbonate, etc. These esters 
ага good carbanion acceptors. 

Ketones are generally more acidic than esters and the rate of their base-catalyzed condensation (aldo!) 
is very slow. Hence, ketones serve as nucleophiles in mixed Clalsen condensation to give a large variety of 
products. 

Some of the examples of crossed Claisen condensation and their applications are given below. 

1. Condensation with ethyl benzoate 


\сунуоне, 
(а) синсоосун + снусоосуну SMS сенусоснусоосуну + Cason 
һу benzoata 2 thy venzoylacetata 


(b) Synthesis of flavones (chrysin) 
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(6) Synthesis of nicotine from ethyl nicotinate 
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thy nicoinale  N-Methyipyrrolidone Me Nicotine 
2. Condensation with ethvl formate 
оту! лсзн,она o 
(a) Formylation coca со, + ы Эш CaHs-GH=COOG2Hs + C,H,OH 
Елу phenyacetata 2 Enyi formyiphenyiacetate 


The reaction is utilized for formylation during the synthesis of various natural products, e.g., equilenine, 
thiamin (vitamin B1), isoflavones, etc. 
(b) Synthesis of daidzein (isoflavone) 
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3. Condensation with diethyl oxalate (а) Ketones and esters condense with diethyl oxalate to give oxalyl 
derivatives which have synthetic utility since they lose carbon monoxide on heating to give malonic ester 
derivatives which may be used for the preparation of aryl-substituted dibasic acid derivatives and o«keto acids. 
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2-(Ethyloxalyi-cycohexanone  2-Carbolhoxy cyclohexanone 


CaHsONa — CaHs-CH GOOCH: OR 
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1 a HC 

E i AA conca‏ ا 
Dietyccoxaligheryt Diet phenmalnate‏ 
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Phenyl-substituted malonic ester has important synthetic applications, e.g., phenobarbilone may be 
prepared, Diethyl- a-oxalylphenylacetate on hydrolysis and heating gives «keto acid. 


CeHs-Gh-COOCas UO, CsHsCHCOCOOH 
GO-COOC,Hs z.a ^ Phenyipyruvie acid 


(b) Camphoric acid may be synthesized. 
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4. Condensation with diethyl carbonate Esters condense with diethyl carbonate to form malonic ester 
derivatives which can be further transformed into various compounds. 
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5. А very important product of Clalsen condensation is the (-Ketoester, ethyl acetoacetate (aa). It сап be 
easily alkylated, Ethyl acetoacetate and its alkyl derivatives under different conditions undergo ketonic and 
„acidic hydrolysis to yield ketones and acids respectively. 
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This reaction has been employed for the synthesis of a large variety of Ketones, acids and many heterocycle 
compounds. Intramolecular Claisen condensation in dibasic esters of six to eight carbons is called Dieckmann 
reaction. The product is a cyclic ketone derivative, 


Claisen condensation is very similar to aldol condensation. The only difference is that, in aldol condensation 
no group is lost while in Claisen condensation the group CH, is last because itis a qood leaving group. 
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CLAISEN REARRANGEMENT 


Claisen rearrangement involves the shift of a group from oxygen to carbon. Thus, when aryl айу! ethers are 
heated (ca 200°C) they rearrange tb o-allyiphenols. 


а oy 
Q-CH-CH-CH; 


он 
[28 85] 
юс CH -CHzCHR 


The group migrates to the ortho position, although some para product has been oblained in some 
casas. In general, when both ortho positions are free, the product is ortho compound and when both ortho 
positions are occupied, the product is para compound. 


сну 


а рт 
сн,-сн=бня 


When both ortho positions and the para position are occupied, here is no reaction. Migration to the m-position 
has not been observed. Я 

During the ortho migration, the айу! group undargoas allylic shift, о, the carbon atom o- lo the oxygen 
atom in the substrate becomes y- to the ring in the product: However, in the para migration no change of 
attachment of the айу! group in the product is observed. This has been confirmed by "C labelling in the allyl 
group. 

No catalyst is required, for the reaction follows first-order kinetics, i.e., one molecule is involved in the 
rearrangement. Further, when a mixture of allyl ethers is heated, no crossover products are formed. 


Q-CHa-CHECHAr — O-CH;-CH-CHR 


Tom Ts 


‘Therefore, the айу! group never separates dunng the reaction, i.e., the reaction is intramolecular 
rearrangement. This indicates that the reaction proceeds through a cyclic transition state in which the breaking 
of охудел-айу! bond and the formation of carbon-carbon bond with the ring are concerted, 

On the basis of the above considerations, the following mechanism of the rearrangement has been 


suggested: 


CHz=CHECHR 


Tha cyclohexadienone (1) intermedi 


is converted rapidly into phenol tor reasons о! aromatic stability. 
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Para-migration Even when the ortho positions aro substituted, tho migration stil occurs at the ortho position 
to form otho-substituted dienono (1). However, the absence of hydrogen at the ortho position provents 
enolization, i.e., aromatization. Hence the айу! group undorgoos а second migration through a similar cyclic 
transition state to form a dienone (III) which aromatizes to n phono! with am ien at position, 
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Since the ally! group undergoes double inversion, Itis not rearranged in the final product, This has bean 
confirmed by isotopically labelled carbon, 
There are enough evidence in support of this mechanism. The double Inversion of the айу! group is 
proved by trapping the dienone (I) intermediate with maleic anhydride In a Diels-Alder reaction. Further, the 
dienone (1) prepared separately was found to give rapidly the para product on heating, 


The reaction rate is unaffected by the presence or absence of substituents in tha aromatic ring, since 
the reaction is not ionic, 


іс label carbon) 


HR -CH=CHs 


Extension and Applications 


1. The rearrangement is not restricted to aromatic ring systems only. (а) Allyl others of епо, e.g., allyl vinyl 
ethers also undergo Claisen rearrangement. 


9 
Ae a-d-cry-cr-cH=cHy 


The product does not enolize (even when R or R' = H) because ketones aro more stable than его. 
(5) The О-айу! acetoacetic esters also rearrange similarly. 


focum a ©, онп-сн=сн, 


ону—С=©н-соооуну ону—©-бн-соосун 


2. Out-of-ring Claisen rearrangement Several examples of oul-cl-ring Claisen rearrangemants are known of 
the type given below. 


M 
Q-CHz—CH:CHR 0¢ CH-CH30H2 
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There is no rearrangement of the allylic group in the final product due to double inversion. 


3. Synthetic applications Since агу! айу! ethers can be easily prepared, the rearrangement is employed to 
prepare various kinds of compounds, е... 


он O-cHa=CH=CHa он 
а 
3 + сна=сн-сніве 2003, "(3 === wee 
озуипа 


Various such derivatives may be prepared, 
Allyl aryl thicethers, e.g., ArSCH,-CH-CH,, do not ordinarily give orthoallyl thiophenols. 


CLAISEN-SCHMIDT REACTION 


‘When aromatic aldehydes react with aliphatic aldehydes or ketones in the presence of a strong base, three 
reactions are possible, e.g. 

(0 Cannizzaro reaction of the aldehyde having no a-hydrogen, 

(ii) aldol condensation of the aliphatic aldehyde or ketone and 

(il) crossed aldol condensation between the aromatic aldehyde and the aliphatic aldehyde or ketone. 

However, when aromatic aldehydes or ketones react with aliphatic aldehydes, Ketones or esters having 
achydrogens under mild conditions, ie., weak base (10% NaOH) and low temperature, a crossed aldol 
condensation with subsequent dehydration occurs predominantly, with the formation of a, B-unsaturated 
aldehydes, ketones or esters. This is known as Cialsen-Schmiat reaction or simply Claisen reaction. 


10% NaOH, room temp. 

a ore CgMpHsCH-CHO 
E10 days oo 

= Ginnamaldehvde 


сен‹оно + снусно 


1018 NOH MO icc 
ap oe 'HCOCH3 
M Benzyidene acetone 


сенн + снзсоснз 


10% NaOH 
Сенно + снзсоознь SIT CeHgCH=CHCOCGHS 


Below 30°C Benzyidene acetophencne 
10% NaOH 
Ce CHO + CHaCOOC;Hg E ogHgCH=CH-COOCHs 
Ethyl cinamato 


The concentration of alkali is important, for in the presence о! a strong base, Cannizzaro reaction may 
be significant 


Mechanism 


The mechanism is similar to that of aldol condensation. In the presence of the base, an anion of the aldehyde, 
ketone or ester is formed which attacks the carbonyl carbon о! the aromatic aldehyde to form an oxonium ion. 
The latter lakes up a proton from tha solvent to form aldol (I) which subsequently eliminates a molecule of 
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water to form a, f-unsaturated aldehyde, ketone or ester. 


ә ө 
HO + нсна-сно === Сн,сно + HO 
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The aliphatic aldehyde may also undergo aldol condensation and dehydration but (II) predominates. This is 
because the aldol (I) loses water irreversibly due to conjugation of the double bond with the benzene ring. 
но Н 
ИХ T сну-снон)-сн;сно === CHCH=CH-Ċ=0 

'H-Ç=0 
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Electron-releasing groups in the aromatic ring at o- arid p-positions to the carbonyl group retard the. 
reaction by reducing the positive charge on the carbonyl carbon which is the point of attack of the carbanion. 


Eleciron-withdrawing groups have opposite effec. 


Applications 
(1) The о, f-unsaturated carbonyl compounds obtained by this reaction are useful commercial products, 


e.g., cinnamaldehyde and benzylidene acetone are used in perfumery. 
(2) This reaction has been utilized in the synthesis of various natural products, e.g., Brionone, piperine, 


flavones, flavonols, etc. 
(9 In the synthesis of fr-ionone 
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(3) The reaction has also been used in the preparation ol long-chain conjugat 
useful dye intermediates, jugated aldehydes, which are 
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Pipericine acetate 
сунесн=сн-сно + CH4CHzCH-CHO Л =» CeHs-(CH-CHj;-CHO + CeHs—(CH=CH)s~CHO 
Cinnamaldehydo Crolonaldelyde T-Phenlheplavional  11-Phenylundecapenlenal 


(4) A technical route to cinnamic acid is the oxidation of benzalacetone with sodium hypochlorite, 


cuero снусосн; AMON с, снесн-со-сну MOE сунсн=онсоон 


(5) Test for the presence of -CH,CO- group 


The reaction has been used to detect the presence of -CH,CO- group in the natural products, for only 
if a compound contains -CH;CO- group. it will undergo the condensation. 
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CLEMMENSEN REDUCTION 


The reduction of carbonyl groups of aldehydes and ketones to methylene groups with amalgamated zinc and 
concentrated hydrochloric acid is known as Clemmensen reduction. 
иен, но 
сен,соснз — uar 7 Сенснабнз 
Aentopnenone Eby benzene 


The reduction consists in relluxing the carbonyl compounds with amalgamated zinc and excess of 
concentrated hydrochloric acid. The reduction is useful especially for ketones containing phenolic ог 
carboxylic groups which remain unaffected. Ketones are reduced more often than aldehydes. Such reduction 
is also observed in Wolft-Kishner reduction but Clemmensen reduction is easier to perform. The reduction, 
however, fails with acid-sensitive and high molecular weight substrates. The a, P-unsaturated ketones 
undergo reduction of both the olefinic and carbonyl groups. However, the reduction is specific for carbonyl 
groups of aldehydes and ketones containing ather functional and reducible groups. 


‘Mechanism 


Various mechanisms have been suggested which are so contradictory that no conclusion can be drawn. A 
mechanism suggesting the intermediate formation of alcohol was rejected since the reagent fails to reduce 
most alcohols to hydrocarbons. 

Nakabayaski has suggested a mechanism on the assumption that the reduction under acid condition 
involves protonated carbonyl group to which electrons are transferred from the metal. 


Certain types of aldehydes and ketones do not give the normal reduction products alone. Thus, 
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hydroxy ketones give either ketones through hydrogenolysis* of OH group or olefins and 1, 3-dikelones give 
exclusively monoketones with rearrangement. 


R Clommenzen. R 
снз-С-сн,-6-сн Cmmamen,. CH= 
-©-сн;-б-сн, Өзи 
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Certain cyclic 1, 3-diketones give under Clemmensen reduction a fully reduced product along with а 
 monoketone with ring contraction. 


i СО * 
о ° mo o Ha 
5, S-Dimethyl 1, 1-Dimelhyl 2, 4, 4-Trimethyl 


Cydohexan-ii-done cyclohexane  cyclopentanone 


The latter probably is formed through a diradical with subsequent intramolecular C-C bond formation and 
pinacol-type rearrangement. 
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Applications 


The reduction has important synthetic applications. 
1. Reduction of aliphatic and mixed aliphatic-aromatic carbonyl compounds. 


w êê N 
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The reaction is usetul for introducing st 
acylation and subsequent reduction, 
2. Reduction of keto acids 


traight-chain (without rearrangement) alkyl groups in aromatic rings by 


Zee, HCI 
сенсосн;снусоон ZS Н ci сн он-он соон 
D-Benzoy propionic aci Phenyl butanoic acid 


a- and B-kelo acids are generally not reduced. 
з. Reduction of phenolic carbonyl compounds 


* Cleavage of carbon-hetero atom bond by catalytic hydrogenation, 
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Salicylaldehyde 
4. Reduction of cyclic ketones 
(e) Cha 
O - Qo = Qo 
i5 
B-Pheny propionyl Indane 
chloride. ннн 
(b) In the synthesis of naphthalene 
io 
ТЄН: _tZn-Ho HCI AICI; 12n Hg HCL 
о RAS OR e OO 
соон t к 
а. кна 
ns 
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t-Methyi-2-propiony! pyrrolidine 2-Ethyl-1-methylpiperidine 


в. Reduction with ring contraction 
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5,.5-Dimethyicycohexane-i, 3-done 2,4, 4-Trimethyi cjciopentanone 


7. Synthesis of cycloparaffins. 


cyclohexanone cyclohexane 


"2 REACTIONS, REARRANGEMENTS AND REAGENTS. 


CURTIUS REACTION 


Curtius rearrangement involves the decomposition of acyl azides іп an inert solvent (e.g., chloroform, 
benzene, etc.) by gentle heat to isocyanate, Good yields of isocyanates have been obtained. 


RECON — e R-N=c=0 + Na 
II the reaction is carried out in alcoholic or aqueous medium, the isocyanate further reacts to form urethane, 
amine or substituted urea. 
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RNHCOOR" 
Urethane 
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RNHCONHR 
Substituted urea. 


The conversion of асу! azides to isocyanates involves Curtius rearrangement while Curtius reaction involves 
the conversion of acids to amines, urethanes and substituted urea via Curlius rearrangement, 
Acyl azide required for the reaction is prepared as below. 


(a) RCOCI + нан; —> АСОМ + Naci 
Sodium azide Аси azide 


мнзнна нно; 
(©) всоос;н; — 2—2. RCONHNH, - “02. RCON, + 2420 


Жой hydrazide 


Mechanism. 
The mechanism of the rearrangement is very similar to Holmann's rearran, 


ement to isocyanate. The driving 
force of the rearrangement is the electron-delicient nitrogen formed on elimination of nitrogen molecule on 
heating, 
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Since there is no evidence for the formation of nitrone, all the steps may be concerted. 
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Reactions of isocyanate 
(а) With alcohols. 


(b) With water. 
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Unreacted isocyanate may further react with the amine to yield derivative of urea. 


° 
R-N=C=0 + R'NH, ——= R-NH-Ê-NHR' 
Aljesubstiuted urea 


The reaction is a general one and can be applied to aliphatic, aromatic, heterocyclic and unsaturated acids. 
These acids may contain different functional groups which remain unaffected. 


Applications 


This simple one-step and mild reaction affords an important and easy preparative method for primary amines, 
«camino acids, aldehydes, urethanes, elc. 


1. Preparation of primary amines—Primary amines, free from secondary and tertiary amines can be 


prepared, e. 
1. NHaNH2 DS 
сенуснсоосун; => нр; oqo AES cuiii, 
Еһурбепу acetate z 2M0 heroine 
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Еру anise prtvisiine 
‘Similarly, ethyl adipate gives telramethylenediamine. 
2. Preparation of a-amino acids 
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Many important o-amino acids may be conveniently prepared. 
3. Proparation of aldehydes 
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Similarly, benzylmalonic acid gives phenylacelaldehyde. 
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CsHsCHaCHICOORN 
Benzyimalonic ester 


HNO -њо 
> CsHgCHaCH(NH; > | CsHsCH2CH(OH | Ce HsCH2CHO. 
cHeCHaCHINHa) ано ] 


4. Curtius reaction may be used for stepping down the acid series. 
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DIECKMANN REACTION 


Intramolecular Claisen condensation in dibasicacid esters is called Dieckmann reaction. The resulting 
products are invariably cyclic f-ketone derivatives. The condensing bases may be sodium, sodium ethoxide, 
sodium hydride, potassium t-butoxide, etc. 
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The reaction best proceeds with dibasicacid esters having 6, 7 or 8 carbon atoms which give stable rings with 
5, 6, or 7 carbons, Yields for rings of 9 to 12 carbons are very low. High-dilution technique is used for the 
formation of large-size rings. 


Mechanism 
The mechanism of the reaction is similar to that of Claisen condensation. 
‘The base abstracts a proton from one of the accarbons. The resulting сањапіоп then attacks the 


carbonyl carbon ol the other ester group. Subsequent expulsion of the alkoxide ion gives the сусіс ketone 
derivative. 


сна, d Chan — (Chan C 2G = =0 wee n= 2,304 
n осун: 
Aem ө. быс C 

снгсоосуну нсоосан 


©нсоосгн Rr dis 


The compound on hydrolysis and decarboxylation gives cyclic ketone. 

Esters of acids lower than adipic acid undergo more of intermolecular condensation with subsequent 
cyclisation. Thus, ethyl succinate gives cyclohaxandione derivative. This may ba duo to reasons of stabilty of 
six-membered rings. 


DIECKMANN REACTION. "s 
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Cyciohexan-2,5-dione- 4-dicarboxyiic ester. 


Effect of experimental condition on the ring size has been observed in some compounds. 
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Applications and extension. 
The reaction affords a useful route for the synthesis of cyclopentanone and cyclohexanone derivatives, Some 
‘examples are given for illustration, 
1. The reaction has been used to build up five- or six-membered rings in the synthesis of various natural 
products. The general process is given below. 
‘Synthesis of steroid 
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2. Preparation of heterocyclic ketoesters 
(a) Piperidone derivative 


,CHaCH2COOR peor 
„нч CaHsONa 1H20 
'CHaCHzCOOR E 


1-Etylmt-piporidone 


(b)Thiophene derivatives—Depending on the conditions of the reaction, two isomers are obtained. 
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3. Extension of the reaction 
(а) Intermolecular condensation between two lower acid esters has been effected to obtain different 


products. 
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Above synthesis was ublized for the synthesis ol camphoric acid. 
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This, incidentally, elucidates the structure of camphor. 
(b) Ziegler applied Dieckmann reaction on dinitriles to obtain large-size rings using lithium ethyl 
anilide and high dilution technique.” 
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* On dilution the intermolecular distance of the reacting groups Is greater than the inttamolocular 
Intermolecular condensation is minimized. jlecular distance so that 
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DIELS-ALDER REACTION 


Diels-Alder reaction involves the 1, 4-addition of an alkene to a conjugated diene to form ап adduct of 
ixmembered ring. The double bond compound is called the dienophile. The reaction is initiated thermally or 
by Lewis acid catalyst with or without the use of solvents. 


Ethylene and simple olefins give poor yields even at high temperature. 


Electron-withdrawing substituents in the dienoptile, such as »C-O, -СНО, -COOR, -CN, -NO,, etc., 
promote the reaction, 


The reaction rate is also accelerated by the presence of electron-releasing groups in the 
reaction between 2-methyi-1, 3-butadiene (isoprene) and acraldehyde is faster than that between 
1, S-butadiene and acraldehyde 


Triple bond compounds, allenes and benzyne may also fun 


ın es dienophiles 
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Besides acylic hydrocarbons, dienes тау be alicyclic hydrocarbons, in which the conjugated double bonds 
may be wholly or partly inside the ring, some heterocyclic and some aromatic hydrocarbons. 


Benzene, naphthalene and phenanthrene are quite unreactiva but anthracene responds readily. 
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Endo anthracene maleic anhydride 


QOO Oo 


Benzyne 


The reaction occurs with the cisoid form (s-cis conformation) of the diene. Cyclic dienes are naturally in 
cisoid form and so react more rapidly than the acyclic dienes which normally exist in the more stable transoid 


forms (s-trans conformation). 
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When both the diene and dienophile are unsymmetrical, two products are possible. However, the 1, 2+ 
and 1, 4-produets predominate. 


Mechanism 


There is litle evidence in favour of stepwise polar or free radical mechanism. The other possibility is a 
concerted mechanism. Both the mechanisms are discussed. However, see note below. 

Ч) Stepwise polar and free radical mechanism The mechanism envisages that the bonds between the 
reactants are formed consecutively, .e., one bond is formed followed by the other. The first bond gives a diion 
(a) or a diradical (b) which then forms the second bond. 
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The mechanism assumes that the second bond is formed more rapidly than the rotation about the 


DIELS-ALDER REACTION тә 


C-C bond, as otherwise a mixture of cis and trans products (nonstereospecific) would be obtained with 
substituted reactants, which is contrary to observation. The reaction is strictly stereospecific. The orientation 
of the groups (ie, cis or trans) in the reactant remain unaltered in the product. Hence the mechanism is not 
favourable. 

(i) Concerted mechanism The mechanism visualises a process in which there is simultaneous (not 
consecutive) breaking and making of bonds through a six-centred transition state with no intermediate. It is a 
л + 2л cycloaddition and stereospecifically cis with respect to both reactants, 


EC 


Transition state 


The addition of the dienophile is always cis so that the groups cis in the olefin remain cis in the adduct. 
The addition is therefore stereospecific. 

There are two possible modes of addition, (a) exo and (b) endo. When the greater part of the dienophile 
is under the diene ring in the adduct, iis called endo and in the reverse case, itis called exo. The endo adduct 


is more stable. 
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This is because the cyclic transition state has further stabilization through secondary r-orbital overlaps 
for greater accumulation of double bonds in the endo adduct, 


Applications 

The reaction has proved of great value. Due to its high stereospecific nature, the reaction has been used to 
synthesize many natural products which otherwise would be difficult to prepare. The reaction can be used аз. 
‘a diagnostic test for conjugation in a system. Since the reaction is stereospecific, the configurations of the 
reactants can be determined by studying the adduct, The reaction has also been used to trap benzyne 
intermediate. Some reactions are given to illustrate its use. 

1. Determination of configuration. Maloic and fumaric acids can be identified from the products. 
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2. Synthesis of quinones and polynuclear hydrocarbons 
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3. Synthesis of a-terpineul 


ГОЛ 


m 

f ae or fers TOC 
4 2H3 

бее Matyi «таный 


косто 


4. In the synthesis of camphene The intermediate required in the synthesis of camphene is prepared by 


Diels-Alder reaction 
o r= (y eas 64 


Cydepentadene Acaldehyde Campheñe 


5. In the synthesis of cantharidine The Diels-Alder adduct from furan and acetylene dicarboxylate is the 
starting product for a complicated synthesis of natural cantharidine. 
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The Diels-Alder adduct obtained from furan and dimethylmaleic anhydride on hydrogenation gives 
cantharidine which is not the same as the natural product. 
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anhydride 


The starting materials for the synthesis of various natural products, such as reserpine, cholesterol, etc., 
are the Diels-Alder adducts. 


Note The concerted cycloaddition is best explained from the principle of Conservation of Orbital 
Symmetry put forward by Woodward and Hoffmann. The principle states that cycloaddition 
is allowed when the symmetry properties of the highest occupied molecular orbital (HOMO) 
ol one reactant correlates with the lowest unoccupied molecular orbital Lumo) of the other 
and vice versa. 
itis seen that in the reactants in the ground state, the signs of 1, 4-lobes of Luvo for 1, 3-butadiene 
correlates with those of Homo of ethylene, and hence the addition occurs smoothly on heating. 
(Orbitals of the same signs, l.e., of same phase only overlap to form bonds.) 
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Similar correlation is observed between butadiene Homo and ethylene LUMO. 
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The stereospecificity (i.8., cis-addition) is thus explained. 
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DIENONE-PHENOL REARRANGEMENT 


When 4, 4-dialkyl cyclohexadienone is treated with acid, it is converted to phenol with migration of one of the 
alkyl groups to the adjacent carbon. This is known as dienone-phenol rearrangement. The dienone is 


dissolved in acetic anhydride and treated with catalytic amount of sulphuric acid. The product on hydrolysis 
gives the phenol 


о сосну он 

Q (снзсозо, O но О, 
наво, R R 

ii H R 


Mechanism 


Оп protonation of the oxygen, a carbocation is generated which is stabilised by delocalization of the positive 
charge. 
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In one of the canonical structures, the positive charge is оп а carbon adjacent to a highly substituted carbon. 
Hence, a carbocation rearrangement occurs. Subsequent loss of a proton gives the 3, 4-disubstituted phenol. 


‘The ease of dienone-phenol rearrangement is due to the creation of a stable aromatic system. 


When one of the alkyl group forms а part of the cyclic system, either the alkyl group or the ring 
‘methylene group may migrate. 
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(i) Migration of ring methylene group 


() Alkyl migration 
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The course of the reaction depends оп the structural ог electronic factors and on the conditions of reaction. 


A reverse rearrangement, e. phenol-dienone rearrangement has been observed during the 
electrophilic substitution in phenols in some cases. 
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Applications 


The rearrangement has useful applications. A classical example is the rearrangement of santonin to 
desmotropo santonin. 


The anthrasteroid rearrangement is closely related. 


FAVORSKII REARRANGEMENT 


The transformation of a-haloketones to esters with rearranged carbon skeleton by the treatment with alkoxide 


lons is called Favorskil rearrangement. Alkali hydroxides or amines in place of metal alkoxides give acids ог 
‘amides respectively. 


Cyclic a-haloketones give esters with ring contraction. 
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Mechanism 

The mechanism of the rearrangement has been the subject of much investigation. 

It was observed that both the isomeric ketones, (I) and (1) gave B-phenyipropionic acid on treatment with 
hydroxide ions, ө e 8 
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This observation indicates that the chlorine is not being directly replaced by the incoming group from the other 
side of the carbonyl group, as otherwise (И) would give C, H,CH(CH;JCOOH which is not obtained. Further, it 
was observed that a cyclic ketone (2-chlorocyclohexanone) with labelled carbon bearing the chlorine atom, оп 
treatment with alkoxide ion gave a product in which equal amounts of "C were present at the a-carbon and at 
the [-carbon. This suggests a symmetrical cyclopropanone intermediate which opens up with equal ease оп 
either side of the carbonyl group. 
On the basis of the above observations, the following mechanism has been suggested. 

The base abstracts ап a-hydrogen to produce а carbanion. Intramolecular nucleophilic attack on the carbon 
bearing the chlorine displaces the chlorine atom with the formation of a transient symmetrical cyclopropanone 
ring. Subsequent attack of tne alkoxide ion on the carbonyl carbon opens the ring wih equal ease on either 
side of the carbonyl carbon so that the product contains 50% of "C at the -position and 50% at the B-position. 
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In case of unsymmetrical ketones, the unsymmetrical cyclopropanone ring which is formed, opens up to give 
the most stable carbanion. Thus, the two isomeric ketones (I) and (1) give the same cyclic intermediate (II) 
Which may open on either side of the carbonyl group to give two carbanions (IV) and (V). 
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The carbanion (IV) being reasonance-stabilized is preferentially formed so that the product is 
C,H,CH,CH,COOR. Hence, both (I) and (1) give the same product. 

Although the cyclopropanone intermediate has not been isolated, it has been trapped to give an adduct 
with furan in one case at least, 
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The formation of cyclopropanone intermediate probably proceeds via an intramolecular 1,3-elimination 
involving а backside attack of the carbanion. Thus, in nonpolar media the cyclic c-halokelone (I) with 


equatorial halogen underwent rearrangement but (1) with axial halogen did not, since the backside attack is 
restricted. (Stork and Borowitz) 


a 
Additional evidence in support of the mechanism comes from the observation that the diastereomers (Ill) and 
(IV) gave (V) and (VI) respectively indicating that the carbon atom bearing the chlorine atom underwent 
inversion as is the requirement for 5,2 displacement reactions. The reaction is stereospecific.” 
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For simplicity, this reaction may be represented as given below. 
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Ketones not having o-hydrogen also undergo similar rearrangement in some cases. The mechanism for this 
is, in part, similar to benzilic acid rearrangement and is called semibenzille mechanism, 


Stereospecifi reaction—When а given stereomer gives ono product while the other slereomer 
product, the reaction is called stereospecific. л gives: the oppose 
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Even when there is a suitably placed a-hydrogen, the rearrangements may tallow semibenzilic pattern in 
some compounds. 


‘Thus, 2-bromocyclobutanone undergoes Favorskii rearrangement when treated with water as the base. 
When treated with D;O, no deuterium is incorporated in the ring. 


Cyclopropanone intermediate mechanism suggests incorporation of deuterium in the ring. 
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the ring. 
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Probably, the strain in the bicyclobutanone ring restricts the operation of cyclopropanone mechanism 
Favorskii rearrangement of оџа (gem) and aa’ (vic) dihalokotones produce a. [-unsaturated esters. 


The reaction is stereoselective” as it gives cis olefin, 


FRIEDEL-CRAFTS REACTION 


Alkylation and acylation of the aromatic compounds with alkyl halides and acid halides or anhydrides 
respectively in the presence of a metal halide (Lewis acid) catalyst, usually aluminium chloride, is known as 
Friedel-Crafts reaction. 


‘Storeoselective reaction—Any reaction in which ona о! the stereomers Is formed completely or predominantly is called 
а stereoselective, 
Conclusion—A reaction on an optically inactive compound can be stereoselective but cannot be stereospecific, 
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The aromatic compounds may be hydrocarbons, агу! halides, polyhydric phenols, amines, aldehydes, 
quinones, certain heterocyclic compounds, etc. 

The most commonly used Lewis acid catalyst is anhydrous aluminium trichloride which gives good yield but 
several others have been used including proton acids such as HF, H,SO,, НРО), HF-BF,, etc. The order of 
reactivity of some of the catalysts is AlBr, > AICI, > FeCl, > SbCls > SnCl, > ВСІ, BFs, elc. The alkylating 
agents may be alkyl halides, olefins, aliphatic alcohols, esters, ethers, elc. For active halides a less active 
catalyst (e.g., ZnCl) and for unreactive halides a strong catalyst (e.g., AIC) are used. The acylating agents 
employed аге acid chiorides and acid anhydrides (open or cyclic). 


Commonly used solvents are nitrobenzene, carbon disulphide, ether, petroleum ether, methylene chloride, 
etc. 


Mechanism 


The mechanism of the reaction is not clearly understood. The mechanisms of alkylation and acylation will be 
separately discussed. 
Friedel-Crafts alkylation The alkylating reagent generally used is alkyl halide. 


The function of the catalyst is to furnish a real or potential carbocation for the electrophilic attack on the 
ring. Since tertiary carbocations are stable, itis expected that a real carbocation is the attacking species when 
the alkylating agent is a tertiary halide. 
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However, primary and secondary carbocations are relatively unstable. Hence it is suggested that with 1° or 
2° halides, a polarized complex with a potential carbocation is the attacking species. 
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It is, however, not certain whether a polarized complex or a free carbocation attacks, For example, 
‘propyl chloride reacts with benzene to form both n-propyl benzene and isopropyl benzene. This indicates 
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that an n-propyl carbocation is first formed which may then either attack the benzene ring or rearrange by 1, 
2-hydride shift to form a greater stable isopropyl carbocation (2°) before attack. Thus, 
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Besides alkyl halides, the alkylating agents may be aliphatic alcohols, alkenes, ethers and esters also. 


These in the presence of acidic catalysts, such as H,SO,, HPO,, HF, HF-BF,, etc., afford carbocations for 
the electrophilic attack on the ring, 
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For alkyl halides the reactivity order is F > CI > Br» I. Hence, FCH,CH,CH,CI reacts with benzene to 
give C H,CH;CH;CH,CI in the presence of ВР. Benzene rings with substituted haloalkyl groups have 
important synthetic applications (see applications), 


Limitations 


(а) Polyalkylation Since the alkyl groups are activating, di- and poly-alkylations are generally observed. To 
minimize polyalkylation, a large excess of the aromatic compound may be used. 

(b) Rearrangement Alkylation is frequently accompanied by rearrangement of the entering group. 

(9 Isomerization In the presence of excess catalyst and at high temperature, isomerization and 
disproportionation result. 
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d) Effect on the reactivity of the substrates. Electron-withdrawing groups inhibit the reaction while activating 
groups, such as OH, ОВ, NH, elc., react with the catalyst lo retard the reaction. Naphthalana and heterocyclic 


compounds are very reactive and react with the catalyst. Naphthalene gives poor yield and heterocyclic 
‘Compounds are not alkylated, 
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Friedel-Crafts acylation 
The acylating reagents are acid chlorides or acid anhydrides. Depending on conditions probably two 
‘mechanisms operate. 

() Generation of the attacking species which may be a free асу! cation or an ion pair 


g ө o өө 
R-E-cl + Aci e RCO + Асис ROO ACH 
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With sterically hindered асу! halides the attacking species may be the асу! cation. 
(i) Generation of 1 : 1 complex for the electrophilic attack 
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In either case, one mole of the catalyst remains complexed with the carbonyl oxygen of the ketone 
formed, Hence, a little more than one mole of te catalyst is required per mole of the reagent for acylation with 
‘acyl halides. When acid anhydride is the reagent, slightly more than two moles of the catalyst is required. This 
is because one mole of tha catalyst is used up in liberating асу! halide and another mole for complexing with 


the product, ketone. 


(соо + Асы —> 80001 + RCOOAICI 
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The product, ketone is liberated with ice-cold dilute acid, 
‘Aromatic rings having activating groups, such as alkyl, alkoxy, halogen, acetamido, etc., are easily 
acylated. For reasons of steric factors, acylation mainly occurs at the para position. Many heterocycic 
‘compounds undergo acylation with good yield. Metadirecting groups inhibit acylation. Hence, nitrobenzene is 
the favoured solvent for acylation, 
‘Acylation ditters from alkylation in the following; 
(0 Acylation unlike alkylation is performed in solvents, such as nitrobenzene, carbon disulphide, 
petroleum ether, methylene chloride, elc. 
(i) Acylation requires more catalyst than alkylation for complexing with the carbonyl oxygen of the 
reagent. 
(ii) Since acyl group Is deactivating unlike alkyl group, а monosubstituted product is always obtained. 
(iv) In acylation rearrangement in the substituent is not observed. 
This fact has been utilized for preparing long-chain substituted arenes without rearrangement. 
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Applications 


The reaction is very useful for the synthesis of many classes of organic compounds. This is illustrated below. 
(a) Hydrocarbons 
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9, 10-Dinydro anthracene Anthracene 
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(b) Ketones 
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(© Polynuclear hydrocarbons (cyclisation reactions) Friedel-Crafts alkylation and acylation with cyclic 
anhydrides have been employed to effect ring closure. 
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(e) Formylation Formation with formyl chloride (НОСІ) is not possible sinco it s very unstable. However 
ormylalion has been achieved (Gatlarmann-Koch) by passing dry HCI and CO through benzene containing 
anhydrous AICI, and a itle cuprous chloride, The attacking species s probably protonated carbon monoxide 


e 
(H-620), 
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FRIES REARRANGEMENT 


Phenolic esters on heating with aluminium trichloride (Lewis acid) give o- and p- acyl phenol. This is known as 


Fries rearrangement. 
Q-con он он 
© Жм. бг” Q я = Aliphatic or aromatic 
2 + 
con 


А mixture of ortho- and para-isomers is obtained. Electron-withdrawing groups in the substrate retard 
the reaction as in the case of Friedel-Cralts reaction. In general, low temperature favours the para-product 
апа high temperature favours the ortho-product. 


Mechanism 


Exact mechanism is still not clearly understood. There is evidence for both intermolecular and intramolecular 
reaction mechanisms. It is, therefore, suggested that both mechanisms are operating simultaneously. 


s 
‘Two-step mechanism It may be taken to be Friedel-Crafts acylation in which the acylium ion, (MeCO) is 
supplied by the substra is self-acylation. 
Atfirst, AICI, complexes with the oxygen of the phenoxy group from which the acylium ion is generated. 
The acylium ion then attacks the benzene ring as in the case of Friedel-Crafts reaction. 


бъ оьр 


Similar attack at p-position gives the para-isomer. 
Concerted or single-step mechanism 
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In practice, both o- and pisomers are obtained. The amount of each isomer depends on temperature, 
solvent, amount of catalyst and on the structure of the substrate. 

At low temperature (< 100°C) para-isomer is the major product while at high temperature (> 100°C) 
опһо-зотег is the major product. This is because the intermediate of ortho-isomar is stabilized by chelation 
andis hence thermadynamically more stable. 
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Solvent is generally not required for the reaction. Nitrobenzene may be used which reduces the reaction. 
temperature. 


Fries rearrangement has also boen observed to be catalysed by light (photo Fries rearrangement) itis 
suggested that the reaction in this case is intramolecular free radical process, the attacking species being 
RCOO. 
Applications 
(i) This reaction is useful for the preparation of aromatic hydroxyketones since direct acylation of 
phenols gives very poor yield. The effect of his rearrangement on substrates bearing methyl groups 


at ortho, meta and para positions shows that when the para position is occupied, the асу! group 
substitutes exclusively to the ortho position 
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The proportions of o- and pisomers can be varied by controlling the conditions of reaction, viz. 
temperature, solvent and the amount of catalyst, The reaction is useful because it gives both the isomers 
which can be easily separated by steam distilation, The ortho-isomer having lower boiling point due to 
H-bonding distills over first, followed by the para-isomer. 


(ii) Esters of catechol give асу! catechols. 
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(Gi) Dipheny esters also undergo Fries rearrangement predominantly in the same ring. 


O-Q-- = O-O- 09-0) 


Malo) `C Minor 
4Hydroxy-3mehoxytiphenyt 4-Hydroxy-4-methoeybiphery! 
(М A very useful application is in the synthesis of (+) adrenaline which is a heart stimulant. 
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The reaction involves the preparation of primary amines free from secondary or tertiary amines by reacting 
alkyl halides with alkali phthalimide and subsequent hydrolysis. 


Mechanism 

The alkyl halide undergoes nucleophilic displacement by the phthalimide anion (5,2 displacement) to form 
N-substituted phthalimide. The latter is then hydrolysed either with acid or alkali. Usually a prolonged heating 
is required in both the mediums. The machanism of hydrolysis is similar to amide hydrolysis. 


(a) Base-catalysed hydrolysis 
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(b) Acid-catalysed hydrolysis 


When substituted phthalimide is dificult o hydrolyse, hydrazine hydrate may be used to obtain free amine and 
phihalohydrazide. 


+ ANH 


5 
Phhalohydrazide 


The reaction, called hydrázinolysis, proceeds under milder conditions than alkaline hydrolysis. 
Probable mechanism for hydrazinolysis 


А better solvent for Gabriel synthesis is dimethylformamide. 


Applications 
Gabriel synthesis is useful for the synthesis of complex compounds because phthalimide group is fairly 
unreactive and is easily separated at the end by hydrolysis. Thus, 


(а) A dihalide can form monophthalimide which can undergo the usual reactions of alkyl halides, Finally 
the phthaloyl group can be removed to obtain the free amine. 
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 HELL-VOLHARD-ZELINSKY REACTION "5 
(b) Phthalimide derivative obtained by reacting with halogeno esters can be converted to acid chlorides 
which can be used їп Friedel-Cralts reaction. The products on hydrolysis give amines. 
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(e) Various amino acids can be prepared by using derivatives of malonic esters 
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HELL-VOLHARD-ZELINSKY REACTION 


Aliphatic carboxylic acids react with bromine or chlorine (but not iodine and fluorine) in the presence of small 
amount of red phosphorus to give exclusively mono a-helogenated acids. This is known as Hell-Volhard- 
Zelinsky (vz) reaction, The reaction is given only by aliphatic acids having chydrogen. Bromine reacts smoothly. 


оңюңсоон + вз BF снєнесоон + Her 
Chlorine reacts similarly but the reaction is less specific due to some free radical chlorination. 
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Halogen from the catalyst does not enter the a-position of the acid, e.g., 


Риз 
яснгсоон + Ce яснс)соон 


Mechanism. 
Since acylhalides undergo halogenation without a catalyst, it is considered that red phosphorus and halogen 
first form phosphorus trihalide 
2P + эв› e Per 
Which reacts with the acid to give acid bromide. 
RCH.COOH + Рво——= АСН СОВ! + POBr + HBr 


‘The acid bromide then undergoes o-halogenatlon through its enol form as In the case of atid-catalysed 
halogenation of ketones. 
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Finally, the interchange reaction between a-bromo acid bromide and the acid molecule gives a-bromo 
acid and regenerates acid bromide which continues the reaction, 


R-CHE)-CO-Br + R-CH-COOH > RCHBNCOOH + яснасовг 

The mechanism is supported by the observation that anhydrides, malonic esters, nitro compounds, etc., 
which сап enolise easiiy undergo a-halogenation without а catalyst. 
Applications 


The reaction (ниг) is diagnostic lor the presence of a-hydrogen in acids since the reaction occurs exclusively 
with acids having a-hydrogen. 


The reaction can be used to prepare a-monobromo derivatives of dicarboxylic acids from their half esters. 
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The yield is generally very high. 
The a-halogen can be easily replaced by nucleophilic reagents to give various useful substituted 
products, e.g., a-amino and o-hysroxyacids which are of biochemical significance. 
pe снз-онону-соон Lactic acs 
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HOFMANN REARRANGEMENT OR HOFMANN 
BROMAMIDE* REACTION . 


The reaction involves the conversion of ап amide into a primary amine with one carbon less, by the action о! 
alkaline hypohalite (NaOH solution + Вг; or Cl). The overall reaction is 


ясонн; + B + АМОН — RNH2 + 2NaBr + NaCO) + 2H 


where R may be aliphatic, aromatic or heterocyci 


"Since bromine is mostly used in the reaction and the intermediate is N-bromamide, hence the namo. 


HOFMANN REARRANGEMENT OR HOFMANN BROMAMIDE REACTION LZ 


Mechanism 
The mechanism has been suggested on the basis of the intermediates isolated during the course of reaction, 


2 
ss азво мон, 
EI 
arangement | 99 
ee бш a Re “©. petiyte=o RNa + cor 
носачи ET 


[E 


In the first step N.bromamide is formed by the usual reaction of hypobromite on primary amines. This 
follows the removal of the acidic hydrogen from the N-atom by the base to form A-bromamide anion in the 
second step. In the third step loss of bromine results in the formation of the highly reactive acylritrene. In the 
fourth step, migration of R to the electron-deficient nitrogen gives the isocyanate. The latter reacts with water 
to give carbamic acid which spontaneously eliminates carbon dioxide to yield the amine. 

By careful control of experimental conditions the intermediates, N:bromamide, its anion and isocyanate 
{in aprotic solvent) have been isolated. This confirms the mechanism. 

The possibilty of the formation of acylnitrene, however, has been rejected, for if it is formed it would 


react with water to give hydroxmic acid. 


NHOH (Hydroxamic acid) 


Which has not been detected. 
Hence, the loss of Br and the migration of R in N-bromamide anion is suggested to be concerted. 
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Since no cross-over products are obtained when two different amides are rearranged, itis assumed that 
the rearrangement is intramolecular and the migrating group never completely separates during the migration. 

This is further confirmed by the fact that if R is chiral (asymmetric), it migrates with unchanged 
configuration. Thus, camphoramidic acid (I) having the COOH and CONH; groups in cis position undergoes 
Hofmann rearrangement to give the amino acid (И) in which the COOH and NH, groups are also in cis 
Position, since it readily forms lactam. 
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Similarly, D-a-phenylpropionamide gives O-c-phenylethylamine on subjecting to Hofmann rearrangement. 
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The rate of reaction increases when the migrating group is more electron-donating and decreases when 
electron-withdrawing. If R is an alkyl group with more than eight carbons, low yields are obtained. 


Some side products are obtained, e.g., addition of RCONH, to RNCO gives RCONHCONHR and when 
Ris a primary group nitriles are obtained. 


Applications 
(1) Formation of amines IL is a very useful method for the preparation of amines. 
(а) Acids and amides to amines. 


1. NHOH, ig + KOH, 
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(b) Higher amides (with more than eight carbons) give nitriles which can be reduced to amines. 


Bra + KOH, Na+ Alcohol 
RCH;CONH, AE OF aoon ÊM „ссн, 


(с) Urea gives the valuable reagent hydrazine. 
Boe KOH 
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The yield of amines is poor with р, -unsaturated acids, 
(2) Preparation of B-amino pyridine from nicotinamide 


cy Brg + KOH, Су" 
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Nicotinamide B-Aminopyridine 


(3) Synthesis of amino ac 
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(4) Preparation of aldehydes from hydroxyacid amides 
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(i) Methanolic a, B-unsaturated acid amides on treatment with NaOCI give urethane which on hydrolysis with 
HCI gives а good yield of aldehyde. 


мос на 
R-CH=CH=CO-NHz ne R-CH-CH-NHCOOCH, — e A-CHO 
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на. This reaction is generally confused with Hofmann elimination which relates to the cleavage of 
quaternary ammonium hydroxides. 


HOUBEN-HOESCH REACTION 


Polyhydroxy phenols, phenolic ethers and some reactive heterocyclic compounds (e.g., pyrrole) undergo 
acylation with nitrile and hydrochloric acid in the presence of a Lewis acid, the most common being zinc 
chloride and aluminium trichloride. This particular Friedel-Crafts acylation with nitriles is called 
Houben-Hoesch reaction, 

The reaction is carried out by passing dry HCI gas through an equimolecular mixture of nitrile and 
phenol in dry ether containing ZnCl. The resulting ketimine chloride on hydrolysis gives the aromatic hydroxy 
ketone. Thus, resorcinol gives 2, 4-dihydroxyacetophenone. 


он 
ze) 2100, Ж 
но: + CHEN Ter ore” 
HE, OC dins 


The reaction is very successful with polyhydroxy phenols especially the m-polynydroxy phenols. The 
reaction, however, is not successful with phenol due to the formation of imino-ether hydrochloride as almost 
the exclusive product resulting from the attack on the hydroxy oxygen. 


2, 4-Dihydroxy acetophenone 
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Hydrolysis gives phenyl ester. 
Besides a variety of aliphatic nitriles (e.g., acetonitrile, mono- and trichlorc-aceto nitriles), aromatic 
nitriles have also been found to give good yield. Ether, chloroform, ethyl acetate, etc., may be used as solvent. 


Mechanism. 


‘The mechanism of the reaction Is complex and nat fully understood. The attacking species is supposed to be 
the imine hydrochloride (I). The resulting imine salt (1) on hydrolysis gives the product. 


E [3 е 
R-CEN + 2HCI + ас, e R-C=NHHCI + (госці 
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When hydrogen cyanide is employed in place of nitrile, aromatic aldehyde may be obtained. This modification 
is called Gattermann synthesis of aromatic aldehydes. By this method aldehydes of various aromatic 
compounds have been prepared, 


Applications 


The reaction provides a convenient method for the synthesis ot polyhydroxy acetophenones and polyhydroxy 
benzophenones. Many natural products of medicinal value have been synthesized by this reaction, 


1. Synthesis of w-substituted acetophenones When benzyl cyanide is used, w-phenylaceto phenones are 
obtained. Ў 
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Similarly, on reacting with chloromethyl cyanide (CICH;CN), 2, 4-dihydroxy-w-chloroacetophenone is 
obtained. 
2. Synthesis of heterocyclic ketones A few рупу! ketones have been synthesized, 


1. 2nCla, HOL AX 
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2, 4-Dimetmy-S acely pyrrole 


3. Synthesis of coumarins Oxocoumarin has been synthesized from malononitrile and resorcinol. 
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4. Synthesis of thioesters. Thioester may be prepared by using thiocyanate (RSCN). 
он 


Thicester 
Fries rearrangment is not convenient for monoacylation of a polyhydroxy phenol due to the formation of 


KNOEVENAGEL REACTION ла 


polymeric aluminium phenoxide. Hence, Houben-Hoesch reaction is preferred for acylation of such 
substrates. 


KNOEVENAGEL REACTION 


Condensations of aldehydes and ketones with compounds having active methylene group in the presence of 
basic catalyst to form а, B-unsaturated compounds is called Knoevenagel reaction. The basic catalysts may 
Бе ammonia or its derivatives. Thus, primary, secondary or tertiary amines, e.g., aniline, di- or tri-alkyl amines, 
pyridine, piperidine, etc., are used. 


орно + Haotcoonjp PD =йн=ссоови =» yis Coen coo 


Malonic estar Phefiine mM Cinnamic acid 


Mechanism 


The initial stage of the reaction is base-catalysad aldol condensation with subsequent dehydration. 


In the first step the base removes a proton from the activo methylene group to generate a carbanion. 
‘The carbanion then attacks the carbonyl carbon of the substrate to form an alkoxide ion which abstracts the 
proton from the protonated catalyst to form a hydroxy compound. Subsequent dehydration gives the о, 
Brunsaturated compound which is hydrolysed and decarboxylated to obtain о, f-unsaturated acid. The 


reaction with а malonic ester is as shown: 
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High reactivity of the methylene group of the active methylene compound prevents self-condensation of the 
aldehyde. 

Both aromatic and aliphatic aldehydes give this reaction. For steric and electronic reasons ketones are 
less reactive than aldehydes. Hence, ketones react with compounds having powerful active methylene group 
only, e.g., ethyl acetoacetate, cyanoacetic acid and its ester but not usually with malonic ester for which 
stronger bases have to be used. 
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The intermediate unsaturated product formed during the course of reaction with aldehydes tends further to 
undergo Michael reaction especially In the presence of excess of the active methylene compound. The 
Michael condensation product may be hydrolysed and decarboxylated to obtain dibasic acid. 
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&Mathyiglutaric acid 


Hence, Knoevenagel reaction best proceeds with aromatic aldenydes. 


Applications 


1. Various о, B-unsaturated acids such as crotonic, cinnamic, fumaric and [I-piperonyl acrylic acids сап 
be prepared. 
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2. By reacting aldehyde with active methylene compound in 
acids and diketones can be prepared, 


molar proportions, various dibasic 
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The 1:5-dikelones may be cyclised by the treatment with alcoholic alkali t 
derivatives, li to obtain cyclohexene 
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з. Cyclic compounds may also be prepared from suitably selected compounds* having one active 
hydrogen. The reaction proceeds up to aldol stage and then the aldol is cyclised to paraconic acid. 
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MANNICH REACTION 


The condensation of a compound containing active hydrogen with formaldehyde and ammonia or 1° or 2° 
amines usually as their hydrochlorides (HCI beirig used as catalyst) to form aminomethy or substituted 
aminomethyl derivatives is known as Mannich reaction. The base, called Mannich base, is usually isolated as 
its hydrochloride, Агу! amines do not normally respond to this reaction. 


GeACOCH, + HCHO + (CHjiNMHPHOI онооно CH;NICHue HC! + H20 
Thus, the overall reaction is (active hydrogens underlined): 
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With ammonia or primary amines, the reaction may proceed further since the first formed Mannich base 
‘ill contains hydrogen on the nitogen atom, i.e., active hydrogen. 


CHOCH + HCHO + CHINHHCI =e CH,COCH;CH,NHICHs) HC] + њо 


HCHO 
CHi£OCHy + CHICOCH:CHNHICHY "HCl e (CH;COCH;CH;); NCH'HCI + њо 
Hence, 2° amine is preferred for the reaction. 
* The starting product can be prepared from malonic ester and chioroacatic ostor, 
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Similarly, three successive reactions with ammonia gi 


аЗ” amine. 


SOH{COCHy + SHCHO + NHyHCI—>  (CH,COCH,CHg), N'HCI + SHO 


Thus, with a 1° or 2° amine, the reaction тау proceed further о give a 3° amine. 


The compounds containing active hydrogens which react include aldehydes, ketones, eslers, phenols, 
nitroalkanes, a- and y- methyl pyridines, a- and y- methyl quinolines, acetylenes, etc. 

Ketones with active hydrogen are more commonly used. If the compound contains more than one active 
hydrogen, all of them may be substituted by amino methyl groups. 
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Mechanism 


Itis suggested that in the first step, the amine and HCHO in the presence o! (f) condense to form iminium 
cation. 
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Itis then attacked by the enolate anion of the active hydrogen compound in the second step to form the 
Mannich base. » 


2 $ 
(9) к—©-сну eum С: 
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Base has also been used as catalyst 
With unsymmetrical ketones the more highly alkylated a-carbon is substituted by the aminomethyl 


group. This is due to the more acidic character of the hydrogen on the more highly alkylated carbon and for 
that matter duo to more facile enolisation. 


А 
сн,-Ё-ононь + HCHO + RaNH e снусосснусн,на, 


Applications 
1. Many important natural products, especially alkaloids, have been synthesized by this reation, A 


classical example is Robinson's synthesis of tropinone by а double Mannich condensation and 
subsequent synthesis of atropine, 


MANNICH REACTION 
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c © 
Better yield of tropinone is obtained by the use of calcium acetone dicarboxylate in place of acetone 
eduction PH сеұснснюнсоон _ сер сө 
? ч о exa 7 Ld 
Tropinone 


Atropine 
2. Decomposition to saturated and unsaturated ketones on reduction and on heating respectively. 
мн 


сњсосњон, 
внусоонуснумону, 


CHACOCH=CH, + (CHaNH 


Quaternary salts give better yield of unsaturated ketones on heating. The reaction is useful for 
introducing vinyl group. 


for building ring systems. 


3. Building up of ring system—The easy elimination of RANH from Mannich base has synthetic 
applications, Thus, the unsaturated ketones obtained by heating the quarternary salts may be used 
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4. The imminium salt, being a strong electrophile, replaces the active hydrogens of indole, phenol, 
nitroalkane, etc.. e. 


QJ I 
+ HCHO + (CHagNH —= 
N 


a A Gramine 


The product may be quaternised and the amino group may be substituted by other groups. 
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4 0 2. HO a 
D-Indole acetic acid (Hetercausin) 


5. Tutocaine, a commercially useful anaesthetic, is prepared as below. 
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6. Synthesis of tryptophan—The amino acid, tryptophan is synthesized from the quaternary salt of 
gramine (see 4 above) and acetamidomalonic ester. 
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MEERWEIN-PONNDORF-VERLEY REDUCTION 


The reaction involves the reduction of aldehydes or ketones to alcohols by treatment with aluminium. 
isopropoxide in excess of isopropyl alcohol 


Ds, ANOCHMo2)y ° 
R-Ü-m' + CHICHOHCH, EL ncHoHR! + сы, -сну 


The reaction is reversible. The reverse reaction, called Oppenauer oxidation, Is emplo, xidation of 
alcohols, using aluminium Houtoxide as catalyst in tho presence of oxcees acoten 2790 O" 10 Onision 


The reaction shifts in the forward direction by the removal of acetone by distillation, Tho roaction occurs 


MEERWEIN-PONNDORF-VERLEY REDUCTION ч 


under mild condition, is rapid, side reactions are negligible and the yield is high. The reaction is specific for 
carbonyl group, other reducible groups such as olefinic bond, NO; etc., present in the substrate remain 
unaffected, If a compound contains two carbonyl groups, one may be protected by acetal formation and the 
other is then reduced. Ketones with high enol content, e.g., [-diketones, P-ketoesters, etc., do not give this 
reaction. 


Mechanism 


The reaction probably involves a cyclic transition state (1) in which a hydride ion from the a-CH bond of the 
alkoxide migrates to the carbonyl carbon of the ketone to yield the mixed alkoxide (1). 
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‘An excess ol isopropyl alcohol is used so that it exchanges with the mixed alkoxide (II) to liberate the reduced 
ketone (Ш), i.e., the desired alcohol. 


+ Аоснмез 


Thus, for the reduction one hydrogan is supplied by the catalyst and the other hydrogen by the solvent. 

That a hydride ion is transferred from aluminium isopropoxide to the ketone is proved by the fact that 
when A\ODCMe,), is used, the Ketone is reduced to alcohol, „СООН, which contains deuterium, This 
indicates that the reaction is proceeding via a cyclic transition state as shown above. 

Specificity of aluminium isopropoxide A number of metal alkoxides have been used but aluminium 
isoproxide is found to be the best reagent. 

‘Aluminium alkoxides are much less polar than alkali metal alkoxides since, aluminium-oxygen bond is 
nearly covalent in nature. Hence, this undergoes very litle dissociation to give alkoxide ions which generally 
‘cause some polymerization of the carbonyl compounds, specially the sensitive aldehydes. Thus, the side 
reactions are negligible. Its boiling point is 140-150°С (12 mm). This enables acetone to be distilled over so 
as to shift the equilibrium in the forward direction. 


Applications 
The reduction has many useful applications. 
1. The reaction has been employed to reduce c. (unsaturated aldehydes to о, [unsaturated alcohols. 
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2. Reduction of aromatic ketones 


ма 


REACTIONS, REARRANGEMENTS AND REAGENTS 


3. Reduction of alicyclic ketones 


On Of 


4. Reduction of a-halogenated ketones 
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áchelroacetone МегСНОН rrcholoropropanoi2 


5. Reduction of ketoesters 
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6. The reduction has been helpful during the course of synthesis of chloromycetin and oestradiol. 
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MICHAEL REACTION 


The base-catalysed addition of compounds having active methylene group (or relatively acidic hydrogens) to 
an acivated olefinic bond of the type - C = C — Z (Z = elecron-windrawing) is classified as Michael reaction. 


оы-сн=он-сооону + Hacicoocahsa NAL cuu ucc coca 
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MICHAEL REACTION LJ 


The compounds having an active methylene group or having relatively acidic hydrogens are called donorsand 
the compounds having an activated olefinic bond are called acceptors. A large variety of donors and 
acceptors are employed in Michael reaction. 


‘The donors include malonic ester, cyanoacetic ester, acetoacetic ester, phenylacetic acid ester, 
cyanoacetamide, aliphatic nitro compounds, benzyl cyanide, sulphones, cyclopentadienes, indenes, fluorenes, etc. 


The acceptors include (а) aldehydes, eg, acraldohyde, CH= CH- CHO;  cinnamaldehyde, 
C,H,CH = CHCHO. 


(b) ketones, e.g., benzylideneacetone, C,H;CH=CHCOCH;; mesityloxide, (CH,),C = CHCOCHs; 
quinones, etc. 


(c) nitriles, e.g., acrylonitrile, СН;-СН-СМ. 

(9) esters of a, B-unsaturated acids, e.g., С;Н,-СН-СН-СООС,Н,. 

Various types of basic catalysts are used. Most commonly used are alkali metal alkoxides, such as 
sodium or potassium ethoxides, potassium tertiary butoxide, potassium isopropoxide, elc. Mild basic catalysts 
such as 2° amines, 3° amines, piperidine and pyridine have been used with success. 


Mechanism 


The base generates a carbanion from the donor, malonic ester. The carbanion then adds to the f-carbon of 
the a, [-unsaturaled ester acceptor, ethyl cinnamate to yield the anion (I) which takes up a proton from alcohol 
to produce an enol. The enol then tautomerises to the more stable product, ketone. 
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©щсоосгнд> ©ң(соос;ну; 
(14-Addition) e, B-Addition) 


The electron-attracting group -COOC;H; (Z) facilitates the attack by stabilizing the intermediate anion (I) by 
dispersal of the charge. It is seen that although 1,4- addition occurs initially, the final result is addition to the. 
о, B-unsaturated carbons. This is because the enol reverts to the more stable ketone (recall that vinyl alcohol 
is unknown). In the presence of strong base, the product may undergo cyclisation, No cyclisation occurs with 
mild bases such as 2° oi 3° amines and piperidine. 


Compounds wilh two double bonds in conjugation with the electron-withdrawing group may undergo 
nucleophilic attack at -carbon ог &-carbon to give three products. Thus: 


(а) On attack at [-carbon. 
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Since the double bond is conjugated in (Il), it is the most stable of the three products. Hence it is the 
predominant product. 


Applications 


The reaction is of great synthetic importance since a variety of organic compounds can be synthesized with 
the help of this reaction. 


1. Synthesis of polybasic acids 
(а) Tricarballylic acids 
92:000029 Ф ÇHz'cooH 
сн-соосәну сан; i ty 
ho + насцсоосгна, EL сн'соосн, HO. ©ҥсоон 
POPMA ©ңсоосн,), Снгсоон 
Diethyl fumarate Propan-1, 2, arcarbosyic acid 
Esters о! tricarballylic acid are used as plasticisers. 
(b) Aconitic acid 
єусоосн, „ groom 
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Aconitic acid is used in the preparation of medicines for releaving pain (analgesic) and reducing fever 
(febrifuge). Its esters are used as plasticisers, (euer ааа 
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2, Preparation of cyano and nitro compounds 


кон 
ta) HON + (снус=снно, — P3  сышссыло; 
2-Methyl-t-nitropropana. (снгоснзг CN 
э, 2-oimethyi3-nivopropanoninie, 
CH2NO2. 
снна е 
(b) онно; + ону-сн=сн-соосун CHEN, сн, ён-сн,-соос;нь 
Ели стопа Еки 3nehydirobulyrale 


з. Building of ring system 
(a) Condensed alicyclic ring 
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This method has been employed during the synthesis ol cholesterol to build the ring system. 
(b) Double Michael addition for ring formation 
° 
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(с) Cyclopropane aerivative—Caronic acid 
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4. Synthesis of dimedone Dimedone is a reagent for the identification of aldehydes in the presence of 
ketones. 
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Dimedone is also employed for the separation of aldehydes from ketones because it reacts only with 
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aldehydes. m " 
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Reaction with formaldehyde is quantitative and hence, the reagent is used for the quantitative estimation of 


formaldehyde. 
5, Synthesis of amino acids 
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24 rCOz QH,-CHs-COOH 
(0L) Glutamic acid 


Michael reaction has been employed to synthesize anthracene from naphthalene. 


OPPENAUER OXIDATION 


The reaction is the reverse of Meerwein-Ponndorl- Verley reduction. The reaction involves the oxidation of a 
secondary alcohol with a ketone and a base to the corresponding ketone of the alcohol. 

‘Commonly used ketones are acetone, methyl ethyl Ketone and cyclohexanone. Commonly used bases 
are aluminium ter-butoxide, aluminium isoporpoxide, potassuum ter-butoxide, etc. 

Thus when a secondary alcohol in acetone or cyclohexanone is refluxed with aluminium tert-buto»ide in 
benzene or toluene solution, the secondary alcohol is dehydrogenated to a ketone and the hydrogens are 
transferred to acetone or cyclohexanone converting them to alcohols. 


осме, 
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Cyclohexanone Oyconeranci 


Primary alcohols may also be oxidized to aldehydes if acetone is replaced by a better hydrogen 
acceptor, e.g., p-benzoquinone. Tha equiliibrium can be controlled by the ar ss of 
which favours the oxidation of the alcohol, асаа 


Mechanism 


The mechanism is the reverse of Meerwein-Ponndort-Verley reaction. The al luminum 
tert-butoxide react to form aluminium derivative of the 2° alcohol, [Metal alkoxides о. эра aci bes 
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exchange with their corresponding alcohols. 
ЗАЈСНОН + АҢОСМез)з = (А;СНОЈА! + 3MejC(OH) 
The aluminium denvative then forms with acetone a cyclic transition state which undergoes internal 
hydride ion transfer, resulting in the oxidation of the alcohol to ketone. 
P. 
(RSCHOSAL + (насо —— RAE AIOCHR m нассо + (CHs)aCHO-AIOCHRa) 


нус” “сњ 


Since the initial attack is on the alcoholic hydroxyl group, hindered alcoholic groups react less readily. Thus, 
in cyclohexanols, the axial hydroxyl groups are attacked less readily. 


Applications 
1. The reagent is particularly useful for oxidizing unsaturated alcohols because it does not affect the 
double bonds 
Meals Fi 
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2. Primary unsaturated alcohols have been oxidized to aldehydes in the presence of good hydrogen 
acceptors, e.g., p-benzoquinone. In some cases acetaldehyde or cinnamaldehyde have been used. 
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CeHs-CH=CH-CH20H 
Cinnamyl alcohol. 


The reaction Is successful with low-boiling aldehydes which can be distilled off as it is formed. 
(c) The terminal CH,OH group of the unsaturated side chain in Vit A, is oxidized to aldehyde group 
by using aluminium isopropoxide in the presence of acetaldehyde and benzene and prolonged 
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heating at 70°C. 
3. The B,vunsaturated alcohols undergo oxidation with migration of double bond to form a, 
Brunsaturated ketones. 


Осме 
һ-онгон-он-оңон)-я сыт R-CHe-CH-CH-CO-R 


This reaction finds numerous applications in steroid chemistry. 
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Cholesterol Cholestenone. 
4, Formates (but not acetates or benzoates) have been oxidized to Ketones, 
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5. Alicyclic alcohols have been oxidized to alicyclic ketones. 
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Sensitive alcohols can be oxidized under mild conditions by using fluorenone which is а strong 
hydrogen acceptor. 


PERKIN REACTION 


In Perkin reaction, condensation ‘has been effected between aromatic aldehydes and aliphatic acid 
anhydrides їп the presence of sodium or potassium salt of the acid corresponding to the anhydride, to yield 
о, Brunsaturated aromatic acids. 

The acid anhydride should have at least two a-hydrogens, 


сөчно + (снусоуо: Galts-CH=CH-COOH + CHicOOM 
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Mechanism 


It is suggested that the acetate ion abstracts a proton from the a-carbon of the anhydride producing a 
arbanion (I) which then attacks the carbonyl group of the aldehyde, The product (II) then abstracts a proton 
from the acid to form aldol-type compound (11). The latter then undergoes dehydration in the presence of hot 
(ca 140°C) acetic anhydride. 


On pouring the hot mixture in water, the mixed anhydride is hydrolysed to o, B-unsaturated acid (IV). 
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Prolonged heating (about 5 h) and high temp. is required, since a weak base (acetate ion) has to react 
with a weak acid (anhydride), 


That the anhydride adds to the aldehyde is proved by the fact that when benzaldehyde, acetic anhydride 
and trimethyl amine or pyridine are heated, cinnamic acid is obtained, but when benzaldehyde, sodium 
acetate and pyridine are heated, it is not obtained. Thus, the alkali salt acis only as the catalyst. 


Meta-directing groups in the aromatic ring promotes the reaction. When anhydride with ona c-H atom is 
used, no dehydration is possible and an aldol-type product is isolated, 


The reaction is specific for aromatic aldehydes which cannot undergo sell-condansation in the presence 
of the basic catalyst. 
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Applications 
Perkin reaction has many useful synthetic applications. 
1. Preparation of «substituted unsaturated acids 
сань-сно + (снусн;соно-“©Е%#» сөң; -сн=сонд COOH 
-Mattycinnamic acia 


2. Synthesis of coumarin 
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coumarin 
З. Synthesis of carbostyril (nitrogen analogue of coumarin) 
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4. Synthesis of phenanthrene 
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Phenanthrane 


5. Preparation of рагасопіс acid 
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6. Erlenmoyer's Azlactone synthesis 
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Itis believed that benzoyl or acetyl glycine first forms a cyclic compound in hot acetic anhydride. The 
active methylene group ol the cyclic compound then reacts with the aldehyde. 
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Azlacione on reduction followed by hydrolysis gives usamino acid and on simple hydrolysis gives c-keto 
acid. и 


(i) a-amino acid 
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7. Preparation of vinylogs of cinnamic acid 
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А Phenyl, 4-pentadiencic acid 


8. Aromatic anhydride in place о! aldehydes has also been used. 
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Phthalylacetic acid may be converted to different products (Michael and Gabriel), thus: 


со, 


єн-соон HOLA ©, * 
uw Ө 
О Сон-соо а 


1пазпе-т 3-йопе 
ea нз 


з.сов KOH, " 


7,01. HOI =o; соон 
oAcelybenzcic acid 


PINACOL-PINACOLONE REARRANGEMENT 


The acid-catalysed rearrangement of vic diols (1, 2-diols) to ketones or aldehydes with elimination of water is 
known as pinacol or pinacol-pinacolone rearrangement, The пате was given from the classical example of 
the conversion of pinacol to pinacolone. 


2,20phenj-t,29yco! 2, 2-Diphenyl acetaldehyde 


Elimination of water without rearrangement—the normal reaction of alcohols—may be achieved under 
drastic conditions (ALO;, 450°C). 
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The rearrangement has baen successfully carried out with various polysubstituted glycols. 


‘Mechanism 


The reaction involves the general characteristics of carbocation rearrangement in which the driving force is the 
stabilization of tho resulting carbocation. 


The reaction starts with the protonation of the hydroxyl group followed by elimination of water and 
formation of carbocation (1). The carbocation is then stabilized by Whitmore 1, 2-shift. Finally, elimination of a 
proton from the stable carbocation (1) gives the carbonyl compound. 
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The carbocation (I), though tertiary, prefers to form (1) for its resonance stability. 
The mechanism is supported by the fact that any carbocation in which the positive charge is on the carbon 


{ | 
adjacent to the one bearing the hydroxyl group. (6 also undergoes similar rearrangement. Thus, 
Lar 


The loss of water and migration of the alkyl group may be very rapid or simultaneous. Probably the migrating 
group does not become completely free before it is partially bonded (II) to the adjacent positively charged 
carbon, L.e., a type of intramolecular rearrangement is suggested. 


Evidence in favour of this ага (a) the migrating group retains its configuration, if chiral and (b) ne cross-over 
products are obtained when a mixture of two nearly similar 1, 2-diols is treated with acid. 
Migratory aptitude Migration order in general is Н > aryl > alkyl. 
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As the migrating group migrates with its electron pair, the more nucleophilic group might be expected to 
migrate, Thus, the order of migration amongst the агу! groups is p-anisyl > p-tolyl > phenyl > p-chlorophenyl, 


etc. а ê 
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Obviously, electron-withdrawing groups will retard the migration, The migratory aptitude amongst tho alkyl 
groups is Me,C > Me;CH > Me. However, the stability of tho Initially formed carbocation may offsot tho 
migratory aptitude order. The initial carbocation is formed by tho loss of that hydroxyl group which results In 
the formation of the most stable carbocation. Thus, in the compound 1, 1-dimothyl-2, 2-diphony! glycol, tho 
resonance-stabilized carbocation (IV) is formed instead of (V) and so It Is the methyl group and not the phony! 
group which migrates, contrary to the above sequence, 
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Steric hindrance may affect the rate of migration—p-anisyl group migrates 1000 limes faster than o-anisyl 
group. 

The migrating group attacks from the trans position (back side) to the leaving group. This has important 
effect in cyclic systems. Thus, the two isomers of 1, 2-dimethyl-cyclohexane-1, 2-diol give different products 
duo to different orientations of the methyl and hydroxyl groups. The one (VI) in which the Me and OH groups 
are trans lo each other gives 2, 2-dimethylcyclohexanona by methyl shift. The other (Vil) in which the Me and 
‘OH groups are cis to each other undergoes ring methylene group shift instead of Me-shift with consequent ring 
contraction to give 1-acetyl-1-methyleyctopentane (УШ). 
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The rearrangement has interesting applications іп synthesis. 


Applications 
1. Synthesis of carbonyl compounds from alkenes Isobutyraldshyde may Бе prepared on a large scale from 
isobutylene. 
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2. Ring sion of cyclic ketones Cyclohexanone can be converted to cycioheptanone i 
g expan: cyeloheptanone in good yield. 
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3. Ketones from cyclic diols Pinacol rearrangement has been employed to prepare ketones which are 
otherwise inaccessible or are very difficult to synthesize. 
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&-Diphonyiacenaphinene 7-Oxo-8, B-ciphenyiscenaphihene 
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REFORMATSKY REACTION 


Retormatsky reaction involves the preparation of f-hydraxyesters by the treatment of a reactive crganic nalide e.g, 
cachaloester or йз vinylog with a carbonyl compound in the presence of zinc metal and subsequent hydrolysis. 
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R-g-0 + BrCHzCOOEI в-у-снәсоов 
T 209 Ё 


In practice, a mixture of the carbonyl compound, c-bromoester and zinc in dry ether is cautiousiy neated 
under reflux when zinc dissolves. Zinc may be activated by adding traces ol iodine, mercuric bromide or 
copper powder, The mixture is then treated with ice-cold dilute sulphuric acid and ether layer separated. Ether 
is distiled off when B-hydroxyester is obtained. 

Generally used solvents for this "еасйоп are ether, benzene, toluene, THF elc. In place of zinc, 
aclivaled indium, tin or zine-copper couple have been used. 

The aldehyde or ketone may be aliphatic, aromatic, or heterocyclic and may contain various functional 
groups which remain unaffected (difference from Grignard Reagent), 

Acid catalyzed dehydration of the В-пусгохуезіег gives a, [unsalurated ester. 
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Mechanism At first zinc and the ccbromoester react to form an organo-zinc intermediate (i). The zinc salt of 
the enol ester then adds to the carbonyl group of the aldehyde or ketone. Subsequent hydrolysis gives 


Bhydroxyester, 
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The initial formation of the oragno-zinc intermediate (i) has been substantiated. The X-ray 
crystallography of the solid derived on treatment of t-butyl bromoacetate with zinc indicates its structure to be 
(i). This structure may be seen has some characteristic semblance to (i). 
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Reformatsky reaction is closely related to Grignard reaction. The initially formed intermediate, 
BIZnCH,COOEt is analogous to RMgX. Grignard reagent cannot be derived trom a- haloesters since it reacts 
with active halogens. The organo-zino compounds are less reactive than Grignard reagent and do not 
normally react with their own ester group. It cannot however add to sterically hindered carbonyl compounds 
i.e. with too highly substituted ketones. In such case it reacts perforce with its own ester group producing а 
B-ketoester. 
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Reformatsky reaction, therefore, best proceeds with aldehydes, methyl ketones and cyclic ketones. 
Reactivity order of the o-haloeslers is iodo > bromo > chloro, Zinc-copper couple may be used with 
chloroesters with advantage. The B- and y-haloesters are much less reactive. However, y-bromocrotonic ester 
being a vinylog of а- haloester is as much reactive. 

Besides aldehydes and ketones, nitriles (Blaise reaciton) and carboxylic esters have been used as 
substrates. 


H0 
ф R-CEN + ercnacoon -Zhe #9008 HS сысооң 


oe аи 
= a 
3 M nig 
o) non + вањооот Be поб-от 0, n i 
ee УШ 
m 
ES 


Normal addition in (i) and substitution in (1) are observed though the products are the same. 
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Applications 
The reaction has many valuable applications: 
1. Preparation of f-hydroxyesters and unsaturated esters 
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2. Lengthening of the carbon chain. 
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By suitable selection of the reactants, unsaturated or saturated acids or esters with branching at a- and 
b- carbons can be synthesized. 
3. Synthesis of arylacetic acid 
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It has an important application in agriculture. 
4. Synthesis of citric acid 


оов Zn, Benzene qHa-coogt ya снг -соон 
go + вюнсоон e Bzno-G-cooet “e но-б-Соон 

OHa-COOEt Ha ~CO0E ÖHa-COOH 
Oxalacolc овог iti acid 


5. Synthesis of citral 
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6. Synthesis of camphoronic acid 
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7. Synthesis of vitamin A, 
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Vitamin A1 


REIMER-TIEMANN REACTION 


Formylation of phenols with chloroform in alkaline solution is known as Reimer-Tiemann reaction (тя). The 
method is applicable to phenols and some heterocyclic compounds. 


А mixture of ortho- and para-isomers is obtained in which the ortho isomer predominates, If one of the 
ortho positions is occupied, the para-isomer is the major product. 
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(Major) 


он 
Hs оснз 
+ cols + њон E 


Gualacol Vinn 

The reaction is carried out by relluxing an alkaline solution of phenol and chloroform at 60°C tor 

sometime (1/2 h). Excess chloroform is distilled off, the mixture acidified with sulphuric acid and steam 

distilled. Unreacted phenol and the ortho-isomer distil over leaving behind the para-isomer. The two isomers 
are further purified by sodium bisulphite. The yield is low. 


Mechanism 
It is believed that chloroform and sodium hydroxide react to produce an electron-deficient electrophile, 
dichlorocarbene (ССІ. 
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Dichlorocarbene then attacks the aromatic ring to yield a dichloro anion (i) which takes up a proton from the 
solvent, The product (i) tautomerizes to o-dichloromethy| phenol which after hydrolysis and acidification gives 
ai 
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That the reacting species is dichlorocarbene is supported by the following: 
(i) Dichlorocarbene is known to cause ring expansion which is observed in the reaction of pyrrole with 


chloroform and alkali. 
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(i) When p-cresol instead of phenol is used besides the normal aldehyde, а ketone (11) with 
dichloromethyl group is obtained аз a by-product, 
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The compound (Il may be explained to be formed by the attack of some :CCI, at the para position and 
‘subsequent gain of a proton from the solvent. As this para position has no ring H that can be lost as proton to 
romatise the ring, the reaction does not proceed further. 


Due to its insolubility in basic aquoeous medium and crowding around chlorine atoms, the dichloro 


‘compound (Ill) is not hydrolysed. 
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The presence of negative groups such as CN, СООН, МО, SO3H, etc., decreases the yield. 


The yield is nearly 50% and a large amount of phenol remains unreacted. This is probably due to the formation 
of diphenylacetal derivative. 
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Carbon tetrachloride in place of chloroform under ят condition gives salicylic acid. 


Applications 
The reaction affords a good method for introducing aldehyde or carboxyl group in phenols. 


@) Preparation of vanillin 
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(ii) Preparation of piperonal 
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(iii) Formylation of heterocyclic compounds 
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The compound has been used to synthesize the amino acid, tryptophan. 
) Formylation of naphthol 
сно 
Or жн 
кон” М 
КЛ 2Hydroxy-1.naphhaldohyde 


(V) Preparation of acid 
When carbon tetrachloride in place of chloroform is used, a carboxyl group is introduced. 
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SANDMEYER REACTION 


(vi) Abnormal Reimer-Tiemann reaction 
1. Pyrrole undergoes normal and abnormal RTR 
Normal reaction— 
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The reaction has been used to prepare pyridine and its derivatives. 


(vii) Certain phenolic compounds also exhibit normal and abnormal RTR 
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The abnormal product may be reduced and then oxidized to give a product with angular methyl group. 


The process has been utilized in steroid chemistry. 
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SANDMEYER REACTION 


Alkyl halides are more often prepared from the corresponding alcohols by reacting the alcohols with PCL, 
ЗОСІ. or concentrated HCI/ZNCl,, The aryl halides cannot be prepared from phenols by these methods. Direct 
halogenation of aromatic compounds yields а mixture of isomers from which it is difficult to isolate the desired 


isomer, 


Sandmeyer reaction affords a useful method for introducing a halogen substituent at the desired 


position of an aromatic ring. 
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The method involves the conversion of an aromatic primary amine into an aryl diazonlum salt by 
treatment with nitrous acid in the presence of mineral acids (usually НСІ or H»SO,) at low temperature 
(0-5°С). Subsequent decomposition of the diazonium salt by heating with cuprous chloride or bromide in the 
presence of an excess amount of the corresponding halogen acid gives агу! chloride or bromide, The overall 
reaction is, thus, the replacement of the amino group of the aromatic amine by halogens. 
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Mechanism 


It seems that cuprous copper has the power to reduce diazonium ion to aryl radical by oxidation-reduction 
involving one-electron transfer. The copper first acts as reducing and then as oxidizing agent. 
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The formation of агу! radical is substantiated by the decomposition of benzene diazonium chloride in he 
presence of acrylonitrile when 2-chloro-3-phenylpropioritrila is obtained through free radical addition. 
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The formation of the halide by the cupric copper may also involve a carbocation intermediate or an 
‘organo-copper compound. 
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For the preparation of ary! iodide, the агу diazonium salt is treated with potassium iodide solution. The 


cuprous catalyst is unnecessary because iodide ion is sufficient to decompose the diazonium salt. Howove'. 
in this case also oxidation-reduction is probably involved since enough iodine is liberated in tha reaction. 
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Aryl fluoride is prepared by treating the diazonium salt with fluoboric acid or fluoborate. Sparingly 
soluble diazonium fluoborate which separates is washed and dried. The dry sell is then decomposed by 
heating. 
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This reaction is known as Schiemann reaction. 

Gattermann modification It has been found that copper powder or copper bronze in place of cuprous chloride 
acts similarly to yield the aryl halides. This may be due to the formation of cuprous copper on the surface of 
the copper metal. ' 


Applications and extension 


‘Sandmeyer reaction for the preparation of arylhalides from diazonium salt is more important and useful than 

direct halogenation for several reasons. 

(i) Direct halogenation of aromatic compounds gives a mixture of isomers so that the yield of the 
desired isomer is low and difficult to separate. On the other hand, the diazonium salts give only опе 
halogen derivative since the halogen enters at the position previously occupied by the diazonium 
group. 

(i) Агу! iodides and fluorides which are seldom prepared by direct halogenation can be prepared by 
‘Sandmeyer reaction and Schiemann reaction respectively. 

(ii) In some cases direct halogenation at a particular position is not possible for reasons of electronic 
factors but this has been possible through Sandmeyer reaction, e g., 

(a) Preparation of m-dichlorobenzene 
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(b) Preparation of 2-chloronaphthalene. 
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B-Naphthol 
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P-Naphthylamine 2.Choronaphialane 


(c) Preparation of acids— Diazonium salts on treatment with cuprous cyanide and potassium 
cyanide give nitriles which on hydrolysis give acids. 
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(d) Removal of amino group from aromatic rings— Amino groups of aromatic amines affer 
conversion to the corresponding diazonium salt and treatment with hypophosphorous acid are 
removed from the aromatic rings. The reaction has been successfully used to prepare compounds 
which cannot be prepared by direct substitution. Thus, mnitrotoluene may be prepared form toluene. 
Toluene on nitration gives œ and p-ritrotoluenes. The para-isomer after separation is processed as 


below. 
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SCHMIDT REACTION 


Carboxylic acids and hydrazoic acid react in the presence of sulphuric acid to give amines. This reaction is 
known ав Schmidt reaction. 
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Free hydrazoic acid is highly toxic and hence sodium azide is slowly added to the solution of the carboxylic 
acid in sulphuric acid when hydrazoic acid is liberated. 
The reaction is closely related to Hofmann and Curtius reactions, all of which involve the formation of 
isocyanate intermediate through the migration of a group from carbon to nitrogen. 

‘Schmidt reaction also occurs between Ketones or aldehydes and hydrazoic acid when Ketones give 
substituted amides and aldehydes give a mixture of nitriles and -formyl derivatives, 
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The rearrangements in these cases closely resemble the Beckmann rearrangement. Dialkyl and cyclic 
ketones react more readily than alkyl агу ketones. With аму агу ketones, isthe гу! ойр which mirate 


Mechanism. 


(a) Acids () It was found that the transformation occurs most rapidly without heating wit —" 
pes бм бии terme ныз тен ау i hig wih aye 
formation of protonated acyl azide (1), in the first step, which eliminates nitrogen to form the intermediate (ll). 
The intermediate (И) then undergoes rearrangement to form isocyanate which is hydrolysed under the 
reaction conditions to amine and carbon dioxide. 
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(li) Acids which do not form асу! cation react through the protonated а 


оп heating as below. 
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Isocyanate is nol isolated under the acid condition although it has been isolated under anhydrous condition. 
Tho rearrangement is intramolecular since the migrating group never becomes free. This has been concluded 
{rom the crossover experiment and from tho fact that the migrating group retains its configuration, 

(b) Carbonyl compounds The mechanism for the reaction with ketones was suggested by Schmidt. The 
reaction proceeds through the protonated carbonyl compound. 
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Steps from (III) onwards resemble Beckmann rearrangement. 


"n the case of aldehyde the intermediate (III) will have the structure (IV) in which migration of Н will give 
nitrile and migration of А will give formy! derivative. 
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Sulphuric acid is the most common catalyst for Schmidt reaction but Lewis acids have also been used. 


Applications 


1. Preparation of amines Primary amines in good yield are obtained directly from the acids, provided the 


acids do not contain groups sensitive to concentrated sulphuric acid. The reagent, however, is dangerous to 
handle due to its poisonous and explosive nature. 
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2. Preparation of ocamino acids Ethyl acetoacetate and hydrazoic acid react in the presence of sulphuric acid 
to give ccamino acid. 
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Note that the reaction with ketones is virtually the insertion of NH group between the carbonyl group and the 
alkyl group of the ketone, 
3. Preparation of lactams Cyclic ketones react to give lactams. Cyclohexanone gives e-caprolactam. 
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With excess of NH substituted tetrazoles are obtained from ketones. Cardiazole, a heart stimulant has 
been prepared from cyclohexanone and NH. 
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SOMMELET REACTION 


Sommelet reaction involves the oxidation of chloromethyl group (-CH,CI) to an aldehyde group by the use о! 
hexamethylenetetramine (CH,2N4) and subsequent hydrolysis in acidic medium (pH 3-6.5). The reaction is 
successful with benzylic halide (ArCH;CI). 


eo 
єн;с! CHa(CsHaNa)CI сно 
sn - 
+ Sora банн, Ò EUN 
um m 
Chiti ei ‘-Naphthaldenyde 


Mechanism 


The mechanism ol the reaction is not clearly understood. According to Angyal and co-workers, the halide 
reacts with hexamelhylenetetramine to form a quaternary salt (I) which is hydrolysed to amine (1). 
Hexamethylene letramine is also hydrolysed to formaldehyde and ammonia which subsequently lc 
methylene amine (Ill). The amine (1) then transfers a hydride ion to methylene amine (III) to form an imine (10). 
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which is finally hydrolysed to aldehyde, 
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Reaction of benzylamine with excess of CsH,aN, to produce aldehyde is the actual Sommelet reaction 
(the last three steps). When benzylamine is refluxed with hexamethylenetetramine (hexamine) in acidic 
medium benzaldehyde is obtained. This lends support to the above mechanism. 

Strong deactivating groups as also o-substituents decrease the yield. When both the o-positions are 
substituted, as in 2, 4-dinitrobenzyichloride, the reaction completely fails. The yield is also very poor with 
phenolic compounds. 

‘The reaction is generally useful for the preparation of aromatic aldehydes. 


Applications 
The reaction has proved useful for the preparation of aldehydes from amines and halides. Various types of 
aromatic, heterocyclic, some aliphatic aldehydes and amines have been prepared. 
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Thophene-2-aldehyde. 
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Pyridine. aldehyde 
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The reaction (e) has been utilized for the preparation of an aminokelone intermediate required in the 
synthesis of chloromycelin. 
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Another Way to oxidize benzilic halides to aldehydes is the Krohnke reaction. The reaction consists of 
treatment with pyridine followed by p-nitrosodimethylaniline and subsequent hydrolysis 
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STOBBE CONDENSATION 


‘Aldehydes and ketones condense with the esters of succinic acid in the presence of bases such as 
C;H.ONa, Me;COK or NaH to give the salts of aP-unsaturated half esters but nat tha alcohol. This is known 


аз Stobbe condensation. 
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The reaction is specific for succinic ester although the carbonyl compound may be varied over a wide 
range. The carbonyl compounds which may be used are: 

(а) Aliphatic and a, B-unsaturated aldehydes 

(b) Aliphatic, aromatic, alicyclic and cyanoketones as also keloesters. 

However, ketones are more often used than aldehydes. In practice, the reaction mixture—ketone. 
diethyl succinate and ether solution of sodium ethoxide—is allowed to stand at room temperature for several 
days and then the product is recovered by acidification. The yield is improved and the reaction time is reduced 
on using potassium tertiary butoxide in tertiary butyl alcohol as base, 


Mechanism 

The mechanism of Stobbe condensation is по! very clear. According to the accepted mechanism, the bos? 
accepts a proton from one of the methylene groups of succinic ester. Tho succinic ester carbanion then adds 
to the carbonyl carbon of the substrate to give (I). The adduct (|) then undergoes cyclization (oster-lacton? 
interchange) generating alkoxide ion from the more remote ester group. The cyclized product (lis a lactone. 
‘Subsequent base-catalysed elimination causes irreversible ring opening to produce a salt of unsaturated hal 
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ester (I). 
Lactones have been isolated from the reaction mixture in some cases, which support the mechanism. 
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Stobbe condensation has bee" used to prepare a large number of varieties of unsaturated and saturated 
acids. The condensation has also been useful for the synthesis of many types of polycyclic ring systems. It 
has also been used during the synthesis of estrone. Some of its synthetic applications are given below. 

1. Synthesis of acids 
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2. Synthesis of polycyclic rings (a) Naphthol and indenone derivatives—Stobbe condensation product with 
агу! ketones on cyclodehydration gives polycyclic rings. Since Stobbe condensation product is a substituted 
olefin, the aryl group may be cis to CHCOOH group or to СООН group so that two products may be obtained 
оп cyclodehydration. 
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(b) Tetralone derivative— 
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(с) Phenanthrene denvalive- 
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3. In the synthesis of estrone In the synthesis of estrone, the intermediate (iv) obtained by Friedel-Cratts 
acylation between methylpheny! ether and glutaric anhydride was subjected to Stobbe condensation to obtain 
the lactone (v) which was further processed (several steps) to get estrone. 
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STORK ENAMINE REACTION 


Vinylamines which are a, (l-unsaturated amines are called enamines. 
Enaminas on treatment with reactive alkylhalldes and subsequent hydrolysis give a-alkylated ketones. 
This is known as Stork enamine reaction. 
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Since enaminos aro normally prepared from ketones, the reaction Involves o«alkylation of the ketone 
from which the enamine has been derived. 

Enamines required for the reaction are prepared by treating ketones, having an a-hydrogen with 
secondary amines. 


-———— ene 
vaio! crane 
An achydrogen is required in the ketone for tho elimination of water with the formation of a 
carbon-carbon double bond, The water Is removed azeotropically to complete the reaction. 
Primary amines give imines due to the hydrogen on the nitrogen (cf. vinyl alcohol). 


Enamine 
and elimination predominates with tertlary amines. Hence tho uso о! secondary amino in the preparation of 
enamines. 

The reaction is not successful with ordinary primary or secondary halides due to A-alkylation. With 
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tertiary halides elimination is significant. The reaction is succesful with active alkyl halides €.g., айу, beczy, 
propergyl halides elc. Alkyl group is attached to the less substituted side of the ketone. 


Enamines prepared from aldehydes are in general less stable than those prepared from ketones, 


Епатіпе derived from acyclic amines are not resistant to heat or acid. Enamines obtained from сусбс 
secondary amines e.g., pyrrolidine, piperidine, morpholine etc. react faster and are more stable. 


The cyclic enamine, N-1-cyclohexenyl-pyrrolidine (I) is prepared by boiling cyclohexanone and 
pyrrotidine with a trace of p-toluene-sulphonic acid as catalyst. 
FO 
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Itis seen that enamines are resonance hybrides (I) and the B-carbon is the nucleophilic centre. Hence. 
enamines are useful intermediates for organic synthesis. 


The water is removed azeotropically. 


From the resonance structure itis seen that the f-carbon is suseptible to electrophilic attack. Enamines 
are easily hydrolysed to regenerate ketones. Hence substitution followed by hydrolysis gives varidly 
substituted ketones. 


Applications 


The nucleophilic behaviour of enamines has been utilized in various important synthesis. Stork and coworkers 
have widely investigated the properties of enamines. 


Оп reacting with alkyl halides nucleophilic displacement in the alkyl halide results in the formulation c* 
imine salt (II) which after hydrolysis gives a-alkylated ketone (І). 


Alkylation 


Enamines undergo alkylation at the [carbon by reactive alkyl halides. With a-bromoacetic esters, ê 
В-сањоп is substituted by carbmethoxy methyl group. 
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The reaction occurs under mild conditions and gives only mono alkylated ketones since mono 
substituted, enamines are difficult to alkylate further. 
‘Substitution occurs at the least substituted side of the ketone. 


Acylation 
Enamines are readily acylated with acid chlorides to give an intermediate which on hydrolysis gives 


1, 3-diketones. 
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Long chain carboxylic acids can be prepared from cyclic 1, 3-diketones. 
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The length of the carboxylic acid chain depends upon the size of the cyclic ketone used in the 


preparation of enamine. 
By using dicarboxylic acid chlorides, the carbon chain of the dicarboxylic acid may be extended stil 
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Since acylated enaminas are weak bas 
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А better yield is obtained on using dimethyllormamide as solvent. Nitro group strongly activates the 
halides but only from the ortho position while alkyl (R) and alkoxy (OR) groups activate from all positions. 
Electron-releasing groups inhibit the reaction. The reaction is important since it is simple, straightforward and 
the structure of the product is known from its synthesis. 


Mechanism 
‘The mechanism of the reaction is uncertain, A radical mechanism has been suggested. 
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mechanism and hence а mechanism similar to that of Wurtz reaction 


There are evidence against tho radi 
has been suggested. 


сез + Cu — ceca m 
Ccu + Ogle Сёз-сёң + Cu 
The fact that iodides give good results suggests that iodides undergo step (I) more readily. 
Applications 
The reaction provides methods for the preparation of compounds which cannot be readily prepared by other 


methods. The yields of the products are high in most cases. 


(A) A large number of biaryls and polyaryls have been synthesized by the Ullmann coupling 
reaction, 
1. Symmetrical biaryls 
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'-Tettamethy biphenyl 


2.4-Dimethyl lodobenzene 2.7, 


2. Unsymmetrical diaryls With a mixture of two different агу! halides, three products are obtained which has 
Poor synthetic value for the yield of the desired product is low and difficult to isolate. In some cases, however, 


the unsymmetrical product is only formed, е.0. 
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Anthanthrone and its halogen derivatives are used as dye. 


Aninanivone. 


(B) Ullmann reaction also provides methods for the preparations of diarylamines and diary! ethers 


1. Diarylamines An arylamine and an arylhalide are refluxed in the presence of anhydrous potassium 
carbonate and copper powder. 
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prMetrosyphenyl anthranile acid 


2. Diaryl ethers А phenolic compound and an aryl halide aro refluxed in the presence of potassium hydroxide 
ог KCO, and copper. The reaction has been employed in the synthesis of thyroxine. 
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VILSMEIER-HAACK REACTION 


Vilsmeir-Haack reaction involves a convenient method for the formylation of aromatic rings. The method is 
however applicable to active aromatic substractes such as amines and phenols. Aromatic hydrocarbons and 
haterocyclics more reactive than benzene can also be formylated. The reagent used for formylation is 
N-pheny-N-methyl formanilide which is prepared from N-methyl aniline, formic acid and phosphorous 
oxychloride. Cobalt chloride may be substituted for phosphorous oxychloride. 


Ne 
" з o 
снйнон, + нсоон озо „ы, c 
н 
коелу олде 


ge 
ood m c(9 Soci, 


жоко ecole 
Nuclear Magnetic Resonance and other evidence support the formation of the active electrophite, 
‘The formylation of aromatic compounds with N-methyl formanilide probably proceeds as given below: 
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Phenolic ethers and dialkyl anilines are smoothly formylated at ortho and para positions. 
Amongst hydrocarbons only anthracene is formylated at position-9. 


Synthesis of aromatic aldehydes has considerable importance, for the aldehydes are used as 
intermediates in the synthesis of other valuable compounds. 
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WAGNER-MEERWEIN REARRANGEMENT 


Reactions involving the change in the carbon skeleton through the rearrangement of the carbocation 
intermediate are collectively known аз Wagner-Meerwein rearrangement. 

When neopentyl bromide is hydrolysed under 5,1 condition it is found that instead of the expected 
пеорету! alcohol (Ме,ССН:ОН), 2-methyl-butan-2-0l and 2-methy! but-2-ene are formed 


Meth but2-ene 
мету ылата! 


Similarly, neopentyl alcoho! on dehydration gives 2-methyl-but-2-ene and 2-methyl-but-1-ene. 
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In both cases, changes in the carbon skeleton are observed, Such rearrangement was first ooserved in 


bicyclic terpenes. 
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Camphene 


Mechanism of the dehydration of alcohol is discussed below. 


Mechanism 
Protonation of the hydroxyl group of the alcohol followed by the loss of water molecule affords a 
1°carbocation. The 1° carbocation then rearranges to the relatively more stable 3° carbocation by 1, 2-methyl 
shift before the product is formed. The greater stability of the 3° carbocation provides the necessary force for 
the migration of the methyl group from the adjacent carbon, The rearranged carbocation then stabilizes itself 
by the loss of a -hydrogen to form olefin. Zaitsev's rule governs as to which of the two p-hydrogens wil be 
eliminated. 
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(Hydrolysis of neopenty! halide similarly gives first a rearranged 3° carbocation which can either accept а 
nucleophile from the solvent to give alcohol or eliminate a proton to give olefin; see eq. 1.) 

Rearrangement does not occur if the initially formed carbocation can stabilize by other factors. Thus, 3, 
3-dimethyl-2-bromo butane (neopentyl type) undergoes Sy hydrolysis with rearrangement, 
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(stable) 


The benzilic cation is stabilised by the phenyl group through delocalization and so does not rearrange. 
Rearrangement in the alicyclic system may involve migration of ring methylene group resulting in the ring 
‘expansion and contraction, 
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Other examples are the conversions о! camphene hydrochloride to isobornyl chloride, bomyl chloride to 
camphene, pinene hydrochloride to bomyl chloride, etc. 


Some simpler examples are: 
e Сз O” < Оне 
lodocyciohexane.  Nitrocyclchexane. Cyclopentyinitromethane 
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Cycopropyicabinytamine  Cyciopropyicabinot  Cyclobutanol 


“The migrating group besides being alkyl and ring methylene groups may be hydride lon ог агу! group. 
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The aryl group migrates faster than alkyl group. Electron-releasing group in the aryl group increases the rate 
of migration while electron-withdrawing group decreases the rate of migration. Thus, elimination is many times 
faster in neophyl bromide than in neopentyl bromide. This is because the rearranged phenonium ion is 
relatively more stable due to delocalization than the rearranged carbocation from neopentyl bromide. Hence 
the former has lower energy and more easily formed than the latter. 
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Pinacol and benzilic acid rearrangements are also examples of this carbon to carbon migration of H, R 
and агу! groups with consequent change in the carbon skeleton. This rearrangement has important 
applications especially in steroid chemistry. 


WITTIG REACTION 


Wittig reacton affords an important and useful method for the synthesis of alkenes by the treatment of 
aldehydes or ketones with alkylidenetriphenylphosphorane (PhyP=CR,) or simply known as phosphorane. 


PhP = CH, + РЫС 
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The Wittig reagent, alkylidenetriphenylphosphorane, is prepared by treating trialkyl or triaryiphosphine 
usually the latter with an alkyl halide in ether solution, The resulting phosphonium salt is treated with a strong 
base (such as СН, Ви, NaNHa, NaH, C;H,ONa, elc.) which removes a halacid to give the reagent, 
methylenetriphenyl phosphorane (ll). 
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In the alkyl halide a hydrogen is necessary on the halogen-bearing carbon. Alkylidenetriphenylphosphoranes 
are also called yids due to the presence of opposite formal charges on adjacent atoms as in one of the 
resonance structures (I). The methylene structure (1) has а dr-pr bond between phosphorus and carbon. The 
ylid may be considered as a carbanion stabilized by the adjacent phosphonium cation. 

The carbonyl compound is directly treated with the ethereal solution of the reagent 


Mechanism 

The reaction probably proceeds by the nucleophilic attack of the ylid on the carbonyl carbgn, The dipolar 
complex (betain) so formed decomposes to olefine and triphenylphosphine oxide via a four-centred transition. 
state. 
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‘The mechanism is supported by the fact that an optically active phosphonium salt reacts to produce a 
phosphine oxide with retention of configuration, 
EMO 2 cut, ERO, онно 
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Since desired alkyl groups can be introduced in the alkyl halide and the carbonyl compound, it is 
extremely useful for the synthesis of desired substituted alkenes. Double or triple bonds even when 


conjugated with the carbonyl group (j-o) does not interfere. The reaction with the carbonyl group of esters is 
very slow and does not interfere. 

Phosphorous ylids react in the same manner with the C=O groups of ketenes and isocyanates as also 
with the N=O and C=N groups of nitroso and imine compounds respectively. 


Ra =C=CRa 


RN=0=CR2 
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Applications 
The reaction has many useful synthetic applications. Many natural products which are otherwise difficult to 
prepare сап be synthesized by Wittig reaction. 

1. Formation of exocyclic methylene group 
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Cyclohexanone Methylene cyclohexane 


This method of introducing exocyclic methylene group is extremely valuable and has been widely used 
in the preparation of methylene steroids. 
2. Preparation of р, -unsaturated acids 

ee e o 
RQS-O ^ PMP-CH-CH;COO ——> RC=CHCH;COO + Phy-o 

In all other methods isomerization to a, B-unsaturated acids results. 
3. Preparation of natural products + 

(i) B-carotene (pro vitamin А) 
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Carotene 


(i) Vitamin A 
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4, Formation of large rings containing 5 to 16 carbons 


" pat ^ — TET nen 


5. Synthesis of vinyl halides Chloromethylenetriphenylphosphorane (Ph;P-CHCI) required for this synthesis 
is prepared by reacting chlorocarbene with triphenylphosphine. 
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6. Synthesis of ethers Methoxymethylenetriphenylphosphorane reacts with carbonyl compounds to give 
diphenyl substituted vinyl methyl ethers. 


PhgC=O + PhPCHOCH, e PhC=CHOCHy 


Hydrolysis of the product gives aldehyde. 
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WOLFF-KISHNER REDUCTION 


Wolfi-Kishner reduction involves the conversion of carbonyl groups of aldehydes and ketones to methylene 
groups by heating their hydrazones, semicarbazones or azines in the presence of strong base such as 
C,H.ONa or NaOH. 


саноч or NaOH 
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Thus, Ketones and aldehydes сап be conveniently reduced to hydrocarbons by this method. Earlier method of 
heating the hydrozones of carbonyl compounds with C;H,ONa at 180°C in an autoclave has since been 
modified. In the modified procedure, hydrazine hydrate and the carbonyl compound are heated with KOH or 
NaOH in ethylene glycol for several hours. The water formed escapes and the temperature rises to 200°C 
when the hydrazone decomposes with the formation of hydrocarbon with evolution of nitrogen. 


RCTO + ннн; e яс cis 


Aacha + Na 
їп a further modification, the reduction can be carried out at room temperature by using dimethyl 
sulphoxide as solvent and potassium tertiary butoxide as base. The yield is excellent, Thus, benzophenone 
gives diphenyl methane in high yield. 
[E 
NaS, ЮС слепу methane 


Unlike Clemmensen reduction, the reaction does по! fail with acid-sensitive or high molecular weight 
substrates. 


Mechanism 

First step involves the formation of the anion of the hydrazone (I) which is protonated at the carbonyl carbon 
to form a substituted diimine (1). This is followed by simultaneous loss of nitrogen and formation of 
hydrocarbon. (Compounds of the type (1) are unstable and decompose to hydrocarbon and nitrogen probably 
through carbanion or free radical mechanism.) 
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иис Ding the course о! reduction, semicarbazones and azinas are first converted to hydrazones before 
reduction, 


A40 =N'NH'CO'NH HO RC =N'NHa 
‘Semicarbazone 
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RACEN-N=CR2 + 2NHeNHp — 2820 =N'NHa 
Arne 


The method is specific for the reduction of carbonyl groups only, for other functional groups in the 
substrate remain unaffected. The method is, however, not suitable (ого, [unsaturated ketones. 


Applications 
Wolfi-Kishner reduction has been frequently used for the reduction of carbonyl groups lo methylene groups 
in various types of syntheses. 


The method unlike Clemmensen reduction is applicable for the reduction af high molecular weight and 
acid-sensitive compounds. 


1. Reduction of high molecular weight compounds - High molecular weight compound, eg., 24-kelo- 
cholesterol, has been successfully reduced. 
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Cholesterol 
24-Ketocholestero 


2, Reduction of camphor to camphane 


3. introduction of long straight-chain alkyl groups in aromatic rings In the Friedel-Crafts alkylation а 
Siraight-chain alkyl group longer than ethyl group cannot be introduced to an aromatic ring because of 
rearrangement ofthe alkyl group. However, this has been achieved by acylation followed by reduction. 
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4. In the structure determination of oestrone The formation of 7-methoxy-1 : 2-cyclopenteno-phenanthrene, 
a compound of known structure, by the reduction of oestrone methyl ether followed by dehydrogenation with 
‘selenium indicates the carbon skeleton of oestrone as also the position of tha methoxy group. 
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WOLFF REARRANGEMENT 


acDiazokelones on treatment with solid silver oxide split off nitrogen and rearrange to ketene. This is known 
аз Wolff rearrangement. 
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Diazoketone 


The rearrangement may also occur on irradiation or on heating. When the reaction is carried out in the 
presence of water, alcohol, ammonia or amine, the highly reactive ketene readily reacts with the nucleophiles 
present, e.g., НгО, ROH, etc., to give respectively acids, esters, amides or substituted amides of the next 
higher homologue of the acid from which the a-diazoketone is prepared. 
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Mechanism 


It has been shown (Huggatt at al.) with isotopically labelled carbon (C) in a series of transformations" 
that the carbonyl carbon of a-diazoketone is present іп the resulting acid as the carboxyl carbon when the 
reaction is carried out in the presence of water. Obviously, migration must have occurred during the 
rearrangement. On the basis of this, the following mechanism has been suggested: 


1.5001 жөо, 
їзсо; + PhMgBr— PhiicooH Ee eco ARES ғиснизсоон 
суо. 01203 


оше” "C0; + PRCOOH 


L3 REACTIONS, REARRANGEMENTS AND REAGENTS 


Splitting of nitrogen and migration of R group may be concerted. In some cases ketenes have been isolated. 

The group Н migrates with retention of configuration. This has been confirmed by the following observation. 
А higher homologue of an optically active acid (I) obtained by Arnct-Eisteri-Walf rearrangement on 

degradation by Barbier-Weiland method gave the original acid with the same configuration (Lane and Wallis). 
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Application 
Arndi-Eistert homologization utilizes Wolff rearrangement in which an acid is converted to 
homologue. 
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Various classes о! diazokelones may be prepared to give varied types of acid derivatives for further synthetic 
applications. 


Chapter 3 
Important Reagents 


Introduction 


Organic reactions involve reagents and substrates. A group of organic compounds serves as substrates fora 
particular type of reaction when treated with a specific reagent. 

Chemical reagents bring about various types of changes in organic molecules to yield products of 
immense value. Reagents have been found that can degrade complex molecules to simple known molecules 
which enabled us to elucidate the structures of complex compounds. A suitable choice of reagent and reaction 
conditions are essential for the success of a reaction for the desired product. 

A few of the most important and widely used reagents along with a few novel catalysts for the synthesis 
of a large varieties of natural products, commercially useful chemicals of medicinal and industrial importance 
have been included in this section. Their preparations, mode of applications and mechanistic aspects along 
with their uses have been briefly described. The reagents have been described in alphabetic order for 
convenience. 
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ANHYDROUS ALUMINIUM CHLORIDE 


This important catalyst is prepared by either of the two methods. 

1. Reductive chlorination of bauxite ore Bauxite ore is mixed with coke asphalt and heated strongly to 
remove water. The mixture is placed into a kiln and rapidly heated to a high temperature and then a stream of 
chlorine gas is passed. Aluminium trichloride is formed and sublimes out of the kiln. It is cooled and the white. 
crystals are collected in well-stoppered bottles. 


AMO; + эс Ae 2А + 3CO ; 2л! + 3C — ZAICI 
2. Direct chlorination Small pieces of clean aluminium metal or its scrap are placed in a hard glass tube 
which is heated strongly while passing a stream of chlorine through the tube. Aluminium trichloride sublimes 
‘out of the tube and is collected. 
2A + ас > ا‎ 
The second method is suited for laboratory purpose. 
Uses 


Aluminium trichloride has an electron-deficient atom and functions as Lewis acid. It initiates the reaction by 
‘accepting an electron pair and furnishing a real or potential carbocation, 
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Iisa versatile catalyst and has been used in а large number of reactions. А few of them are mentioned below. 


1. Friedel-Crafts alkylation and acylation 
Aluminium trichloride is found to be the best catalyst for these reactions. 
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The reactions may be employed to prepare hydrocarbons, polynuclear hydrocarbons, cyclic ketones, еіс 
Thus, 
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2. Fries reaction 
Phenyl esters on treatment with anhydrous aluminium trichloride are converted to o- or p-hydroxy ketones. 
The reaction involves rearrangement through migration of a group from oxygen to carbon. 
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3. Gattermann-Koch aldehyde synthesis 
А mixture of dry carbon monoxide and hydrochloric acid gas is passed through a solution of benzene in ether 
or nitrobenzene containing anhydrous eiuminium trichloride and a litle cuprous chloride. The mixture of 
carbon monoxide and hydrochloric acid behaves as formyl chloride. Cuprous chloride is necessary to perform 
the reaction at atmospheric pressure otherwise 100-250 atmospheric pressure is required for the reaction. 


ACh 
+ со + на Be дсн 
AM + 00 + на тое NOHO 


Formylation has also been effected by dichloromethyl methyl ether in the presence of anhydrous aluminium 
trichloride, 


ACh 
Ан + CRCHOCH— = ACHO 
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4. Amidation 


@) Gattermann amide synthesis Carbamyl chloride in the presence of anhydrous AICIs substitutes amide 
group in aromatic ring. 


коз 
+ CICONH; > СёчсоМн; 
сөз + соон: + 
chloride 


Substituted amide Isocyanates in the presence of anhydrous AIC react with aromatic compounds to give 
substituted amide, 


Ab 
сены + ANCO e Co cONHR 


5. Carboxylation 


Phosgene reacts with benzene in the presence of anhydrous AICI, to give benzoyl chloride which can be 
hydrolysed to acid. 
® 


^ 
Cote + cocir сөӊсос HO 


CeHsCO0H 
Excess of benzene may give benzophenone. 


6. Wagner-Meerwein rearrangement 
Long-chain halides undergo rearrangement in the presence of anhydrous АК. 


лов 
chon “Se снуснвсн 


7. Isomerization 


Reforming of gasoline fraction to increase branching occurs in tho presence of AICt e.g, 
AC 150°C 
онюнснюна m (сназсн 
20%) (8094) 


Traces of alkyl halide or alcohol are necessary to initiate the reaction, 
‘Another example is interconversion of methyloyclopentane and cyclohexane; 


О аена O 


E (75%) 
8. Dealkylation 
Tertiary alkyl groups are lost more easily. 


Me 
OPh дс corn, 
Сане 


смз 
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9. Addition to olefines 
Аку halides add to olefins in the presence of anhydrous AICly, 


Sones mle Ed 


Certain Diels-Alder reactions aro accelerated by AICI, under milder conditions. 


ALUMINIUM ISOPROPOXIDE, (Me,CHO),Al 


Aluminium isopropoxide is a good reducing agent. It reduces by transfer of hydride ions. 


Preparation 

The reagent is prepared by refluxing anhydrous isopropyl alcohol with aluminium amalgam in the presence of 
а small amount of carbon tetrachloride as catalyst. After the evolution of hydrogen ceases, the mixture is 
iled under reduced pressure when aluminium isopropoxide distils over at 140-150°C (12 mm) as а 
colourless liquid. 


Uses 5 
It is a specific reducing agent for the reduction of carbonyl compounds to alcohols without affecting other 
sensitive reducible groups. With excess of the reagent at elevated temperature, diaryl ketones may be 
reduced to hydrocarbons, 

The reduction is carried out by heating the carbonyl compound with the reagent in isopropyl alcohol and 
distiling off the acetone as itis formed. 


вгС=о + (MeCHOJA| x Ме;СО + RyCHO—AWOCHMea}2 


мезснон 
RCHO-ANOCHMe REP RACHOH + (мегсно)за! 


Since the reaction is reversible, the reagent can also be employed for the oxidation of alcohols. The reverse 
reaction is known as Oppenauer oxidation. The position of equilibrium can be controlled by the amount of 
acetone present. The equilibrium shifts forward on distilling out the acetone as it is formed. An excess of 
acetone favours oxidation (reverse reaction). 

The reagent is better than other metallic alkoxides because it is relatively less polar. The 
aluminium-oxygen bond is almost covalent and does not give alkoxide ions which generally cause much 
condensation of carbonyl compounds. 


Mechanism 


The reaction proceeds by complexing the carbonyl oxygen of the substrate with aluminium and then transter 
ol hydride ion to the carbonyl carbon of the substrato in the cyclic transition state (I) resulting in the formation 
of a mixed alkoxide (1). 
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Me 
R Y Neme 
оно + AoC — JE ÉD. == месо + поносни 
w^ ЧО noces m 
0 
мезснон 
RCHO-ANOCHMe HOH, ROH OH + AOCHMez)s 
m (R= Saturated 
piene 


Metal alkoxides undergo rapid acid-base exchange with their corresponding alcohols. Hence, an 
excess of Isopropyl alcohol is used so that it exchanges with the mixed alkoxide (1) to liberate the reduced 
aldehyde (III), i.e., the desired alcohol. Hence, the hydrogens for the reduction are supplied one each by the 
catalyst and the solvent, That a hydride ion is transferred from the reagent to the carbonyl compound is proved 
by the fact that with (Me;CDO)4AI, the carbonyl compound gave RCHD(OH). This indicates that the reaction 
proceeds via the cyclic transition state. 


Applications 
Some of its important applications are given below. 


1. Meerwein-Ponndorf reduction 


(ме2СНО)зА1 
O оњ -сн=сн-сно + мыснон “= T ine сну-сн=сн-онон + месо | 
SEES puc 
dini 
® сны-со-сна-сне-©н; + менон MEMS сну-сңону—сн-сну-сну + Mezco | 
ан ЧД 
6% ction 
N (Me2CHO)3AT. но; 
w бг a бг — 
du asian en 
өл сён-со-сну + меснон МОНА, Cu unici + Meco 
pesi cited aha 
i H, сон 
" месном 
Û - ене re M 
me e No den 


ChC-CHOH-CH + MejcO 
1, 1,1-Trichioropropano-2 


б) сыс-со-сну + Me;CHOH 


(ме;сноуул! 
Tricoracetone. * 


BORON TRIFLUORIDE, BF, лә 


" (Me;CHOJSAL а 
(Wi) (CHa C—CO-COC2Hs + MejCHOH A (снуус-снон-со:С;нв 
Etyltnmetyoynvate -Ме:со Enytrimettytaciate 


2. Reduction of diary! ketones to hydrocarbons 
With excess reagent and at higher temperature complete reduction has been achieved. 


? 
QO see CO 
ux а 


3. In Oppenauer oxidation 


Although aluminium-tertiary butoxide is the generally used catalyst for this reaction, aluminium isopropoxide 
has also been used for the oxidation, An excess of acetone or better hydrogen acceptors like quinones or aryl 
ketones are used along with the reagent. 


(MexCHO)AL 
M RCHOHR + снусосну BA RCOR + снуснонсну 


P d #54 
® + ت‎ + 
Ad теше, 7 

Cholesterol 


Cjschoranona. Cholesienone  Cydohexansl 


The reagent has also been used to reduce camphor to bomeol and isobomeol, carvone to carveol, 
estrone to oestradiol and in the synthesis of chloromycetin. 


BORON TRIFLUORIDE, BF; 


Preparation 
Boron trifluoride is prepared by the following methods. 
1. Ignition of boron in a current of fluorine gives boron trifluoride, 


в + зға 19797, овга 
2. By healing calcium fluoride and boron trioxide with concentrated sulphuric acid, 
Cala + 3450, + Bs e 28у + CaSO, + MO 


3. By heating borax, tluorspar and conc. H,SO, (large-scale preparation), 


Nay, OHO = 6CaF, + BH,SO,-S ABF ^ 2NaHSO, + 6CaSO, + IIM,O. 
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Itis a colourless fuming gas. 


Uses 

Boron trifluoride is used as a Lewis acid catalyst in organic reactions. Boron in BF; has a vacant orbital, Hence 
it has a strong tendency to coordinate with an unshared electron pair of donor elements, e.g., oxygen and 
nitrogen to form a relatively stable coordination complex which catalyses the reaction. 


o о 
Halte Bs. 


Some of the important reactions catalysed by BF; are given below. 
(a) Friedel-Crafts reaction Although AICI, is the most commonly used Lewis catalyst for this reaction, other 
Lewis acids including BF, may also be used. Boron trifluoride is less reactive than AICI but it has certain 
advantages over AICI, such as (i) less by-products are formed, (i) it forms a relatively stable coordination. 
complex and (ii) a suitable catalyst for those electrophilic regents (e.g. alcohols, acids, ethers, elc.) which 
produce water, alcohol or acid as by-products. 

(i) Alkylation 


соп 
ВР [13 
+ всоон —= + H,0-BF5 


Boron trifluoride brings about alkylation with alkyl fluorides but not with other ау! halides. This gives a method 
{or introducing halo alkyl groups in aromatic rings. 


cor MeCHF a FCHaCH2CHaCI с©н;сн;снәс! 
M кы 


== 3-Phenyir-propyi chloride 


Alkylation may be effected with olefins in the presence of BF, 


n 
Qe t e 


Ethybenzene 


Boron trifluoride and AICI, catalyse alkylation in certain substrates to yield different isomers. 


я 
2, 6-Diakyinaphihalene 1, 4-Dialkylnaphthalene 


BORON TRIFLUORIDE, ВЕ, E 


(î) Acylation—Ketones react with acid anhydride in the presence of BF, to give 1, 3-diketones. 


сносна + (оноро Ê снусосн;соснз + CHCOOH 


Acetyl acetone. 
сенсосну + (CHiCO)O Êz снсосн;сосну + CHCOOH 
‘Acetophenone Benzoyl acelone 


Alcohols and phenols are acetylated with CH,CONH;BF, which is a good acetylating agent. 
oo 
онусонн; + By e CHACON 


oo © ө 
нон + снббнндку—=по-—он; + НР 
ser 


(b) Formation of esters Boron trifluoride catalyses the formation of esters from alcohols, acids, olefins, ethers, 
etc. 


он 885, 
RCOOH + ROH RCOOR + н;0-=ВРз 
СА 
RCOOH + CH=CH, — e нсоосуну 


ROR + пісос Ee псоон' + Rol 


125-180" 


ROR + со + Bra — аа 


псооя 


Alkynyl ethers react with carbonyl compounds in the presence of BF to form a, f-unsaturated esters, 


RRO 
d 


(c) Formation of acids. 


125 180°C, 
218°, соон 
ETE 


нон + CO + BF 


(d) Nitration and sulphonation Boron trifluoride is an affective catalyst lor nitration. Yields are better and the 
products are pure. It is specially useful for nitrating aromatic rings with negative groups. 


CA 
CHNO + нноу — >e сёнумоз; 
o Duitobenzeno 


Nitronium tetrafluoride is a useful nitrating agent. 
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ө ө 
мн + NOR, ——= ANOR + HE + BFS 
Boron trifluoride effectively catalyses sulphonation as well. 


ома + Heso, e cues + HOF 


(e) Reduction of esters. Boron trifluoride etherate catalyses the reduction of esters to ethers by LiAIH,.. 


шањ 
посо —— ie noon! 
Evo — BFa 


@ Rearrangement Boron trifluoride brings about the Beckmann transformation, Benzidine rearrangement 
and Fries rearrangement. 


соя 
ome) Para) 
Hydroxy ketones 
(8) Formation of amides Nitrles are hydrolysed to acids through the formation of amides. The reaction can be 


stopped al the аг 


stage by using BF; 
но но но 
RCOOH- T сом 7— R-O=N “pey” CON 


(h) Methylation of alcohols Methylation of alcohols with diazomethane is catalysed by boron trifluoride which 
increases the acidity of alcohol for the reaction to occur. 


99 cee 
R-OH + BF e n-O-8r > роон + Ne + BFS 
н 


на 
CH= “CHON + Онда T ону оное -Ot-0-Ob + һе 


пОсу aono метунтоеу enor 


(0 Polymerization Isobutylene on treatment with BF, at -100*C gives a high molecular weight polymer (about 
400-8000 C,H, units) which is sold under the trade name Vistanex. 
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монон, Ee oou -ch F; 


Vistanex 


(0 Analysis of potassium Sodium tetraphenylboride is used for the detection and estimation of potassium in 
the presence of sodium, The sodium salt is soluble in water but its potassium salt is insoluble in water and is 
quantitatively precipitated. 

‘The reagent is prepared by reacting phenylmagnesium chloride with boron trifluoride and subsequent 
treatment with sodium chloride. 


eo 
ACEH + BF, e (CUHSuBMgCI + 3MJCIF 


99 со o9 
(CHSC — E (ogg BN + MOCO» 


NaCl Sodium teiraphenyi 
boride (water soluble) 


Boron trifluoride has been used in the Fischer indole synthesis, polymerization of oils, gasoline, elc. 


o 
N-BROMOSUCCINIMIDE (NBS) С 


Preparation 


The reagent is prepared by gradually adding bromine to an ice-cold solution of succinimide in alkal 
N-Bromosuccinimide precipitates out immediately. 


QÉ Ум + озн HT er te 
б 06 он 
co 


Bromination with NBS is Шу carried out in carbon tetrachloride as solvent in which the liberated 
succinimide is insoluble and easily separated. 

N-Bromosuccinimide is a valuable reagent for brominating specifically allylic and benzylic positions. 
Such reactions are called Wohl-Ziegler bromination. The reagent is also used for brominating positions o- to 
the carbonyl group and triple bond. When both double and triple bonds are present in a compound, the 
prelerred position for bromination is a- to the triple bond. The reagent can be used to oxidize primary alcohols, 
Secondary alcohols and primary amines. 


Specificity of allylic and benzylic position 


Allylic and benzylic hydrogens have low bond dissociation energy, it is only 77 kcal, while for vinylic and 
methane hydrogens it is 104-122 kcal and 102 kcal respectively. Also the allylic or benzylic radical (or ion) 
formed on dissociation is stabilized by delocalization. 


REAL 


П " ANI 
ненен ا ا‎ ue qon 
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Hence, the allylic and benzillc hydrogens are easily substituted by bromine from NBS. 
‘Mechanism 


н-сна 


The reaction proceeds only in the presence of free radical initiators, i.e., peroxide or UV light. Hence the 


reaction is a free radical reaction. It is suggested that the reaction is initiated by a small amount of bromine 
atom, Bi. Thus, 


б +—сну-сн=сну——= —Ён-сн=сн + HBr 


ү 
ii om га 
Y 


—{н-онгсң + ва e —сна-онәоңр +r 


o 


о 


Function of NBS is to provide а slow constant supply of a low concentration of bromine by reacting with 
HBr formed in the first step. This is substantiated by the observation that on passing bromine vapours slowly 
into a solution of cyclohexane in carbon tetrachloride, 3-bromocyciohexene has been obtained. 


Uses 
1. As brominating agent (allylic bromination) (a) Preparation of bromoesters 
co 
сну-сн=он-соосн + wos 22% эсну-енгон-соосун, + RCO 
Ethy-pbromecrotonate: S 
This compound Is used In the synthesis of vitamin A by Reformatsky reaction 
(b) Conversion of monoenes to dienes and trienes 


нев, Ac KOH, 185, 
сы ya Ew 
‘Such allylic bromination followed by dehydrohalogenation has been used in tho commerical production of 
cortisone. 


(с) Degradation of olefinic compounds—The reagent can be employed to spl off carbons from suitable 
olefinic compounds, which may be obtained trom alcohols. 


ADs 


nas 
-сн; -сне-©н=©н; “ЭЗ оңу-сн;-онв—сн=снг 
epp он-он ° з-на 


сннснюнюнюн 
папок! 


лекон оз 
DE ону-онасн-снаона — e CHICHO 
E 240.20 
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‘Such degradations help in determining the structure of compounds. It may be noted that when an olefine has 
two different o-positions the preferred position of attack Is the secondary carbon for reasons о! stability of 2° 


radical, 
nas 
снз-©н=сн-онә-сну Se ону-он=он-снвг—сну 


(d) Conversion of vitamin A, to vitamin A; 


ужо; keno 
нен e >> 
Vitamin Ay (Reina) TO Bromo retina 
л NPnenjimorholine. = HBr int 
БЛ 


(e) Addition reaction—NBS also exhibits addition reaction but the yield is very poor. However, the 
addition reaction may be catalysed by tetraalkylammonium salts. 


ar 


Ò nas ses. sd 
cun [D Л» 


(0x) FANX 1 2Drmooydohexane 
Gm 


2. As oxidizing agent_ NBS oxidizes primary alcohols and primary amines to aldehydes and secondary 
alcohols tó ketones. The reaction proceeds readily in the absence of light. Hence the reaction is not radical 
type. It probably involves attack by positive bromine. The mechanism is not known. 


маз 
вуснон ==» mco + ner + (С Ун 
о 
3. Degradation of amino acids агАтіпо acids, peptides and proteins are decarboxylaled with NBS in 
aqueous medium. 


м5 
снснмнасоон Ê снсно + мну + сох 
КЛ 


NBS has also been employed for allylic bromination in the synthesis of soma important natural products. 
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DIAZOMETHANE, CH,=N=N or CHN; 


Various N-nitroso-N-alky! amides undergo elimination on treatment with a base to give diazomethane. Тһе 
most useful and convenient general method for the preparation of diazomethane is the treatment of 
N-nitroso-N-methy! amides with alkali in ether. 


мемо + Nao Ê снае + HO + RCOONa 


Ha 


The elimination occurs probably through the tautomer, diazoester of the N-nitrosamide 


5 

он-он === CHy-N=N-0-G-CH3 
° 6 

MMelhyviosoacetamide ^ Meihanedazoacelale 


a. 9.9 
мон + oi seco — cH Nei + ню + CHgOOONa 


Diazometnane 


Preparation 
Several N-nitroso-N-methyl compounds have been used to prepare diazomethane. 
1. Alkaline hydrolysis of bis-( N-nitroso-N-methyl) terephthalimide. 


о Accu, 2200, 
О) а Хон кш + nace (Ce 
97 


2. Distillation of N-nitroso-N-methyl-p-toluenesulphonamide with base. 


Dom SER Dee 
na он CHaNa 


3. Warming N-nitroso-N-melhyl-N"-nilroguanidi 


е with potassium hydroxide. 
үн кон 
МНМО чм Сн 


Diazomethane is a yellow gas (b.p. -23*C). tis highly toxic and explosive. It sometimes explodes even 
in gaseous state. It decomposes readily. lts ethereal solution may be stored at 0°C for about 24 h without 
appreciable decomposition. Diazomelhane is a resonance hybrid of the following canonical structures: 


®© e o 
NICO 


DAZOMETHANE, CHR or CHA. m 


It is mainly used as a methylating agent for reasonably acidic compounds. The reagent provides 
methods (Arndi-Estert reaction) for the conversion of acids into their higher homologues. It reacts rapidly 
even without a catalyst and the yield is high. The reaction is clean since the other product is nitrogen. 
Completion of the reaction is indicated by the stoppage of the evolution of nitrogen. Hence, inspite of its toxic 
and explosive nature it is one of the most useful and versatile reagents for preparative purposes. 

The reaction is carried out, at about 0°C by adding ethereal solution of diazomethane to the solution of 
the subtrate in ether till evolution of nitrogen ceases and a yellow colour persists. Sometimes diazomethane 
is generated ‘in situ’ by adding potassium carbonate to the alcoholic solution of N-nitrosomethyl urea. Some 
ofits important uses are given, 


Uses 
1. Methylation It is used as methylating agent for acidic compounds such as carboxylic and mineral acids. It 
also methylates reasonably acidic substance like phenols, епо, elc. Alcohols and amines are methylated 
only in the presence of catalysts. 

(а) Acidic substances 


сн: Hane " 
RCOOH e ясоосн;; 50,4 SAN язоуснз; 
E ЕТ 
снн; снн; 
сенн e CHOCH; Hel be сна 
E E 


Ethyl acetoacetate is O-alkylated. 


сњ 
н-соос + Na 


9 © 
он-й-он;-сооса, “He cus 
itis very useful for the preparation of methyl esters of rare and acid-sensitive carboxylic acids. 


онә 
сень -CH-CH -C00H Êz o -он=бн-сооонз 


[>—=-еооч-®## „ [о econ 


Cyclopropy'acelic acid Methylojclopropyl acetate 


The reagent has been employed for the qualitative and quantitative estimations о! carboxyl and enolic groups 
їп various natural products. 
(b) Alcohols—Alcohols have weak acidic hydrogens and hence catalyst is required to increase the 
acidity. 
BO cu 
R-OH + BFy—> R-0-8F — —R-O-OH, + BF + Ne 
A 
нек, 
снуснснюн + CHINE e CHa(CHakOHZOOHy + Nz 
тосу alcohol Methyl noe orner 


юз REACTIONS, REARRANGEMENTS AND REAGENTS 


КАЗГА [os 
Hs д-н СЭЗ» RO + Sons —> носну + № 


‘The same mechanism operates for the reaction of diazomethane with acids and amines. 


(с) Carbonyl compounds—Aldohydes and ketones react with diazomethane to yield higher ketones and 
epoxides as side reaction. 


A 
А 
ROG-H + онду ——= R-G-CH + R-CH-EMy 
б 
А 
R-G-R + снды e п-с-оњ + п он, 
Н H 
E е 
H ° 


ө 
— R-¢-CHa}Na e н-©-©н + Na 
RO 


e 


o ө 
А лакаб 
DAL 


e 
? Rearrangement 


poste Y (gration of R) 


" 


Some cyclic ketones undergo ring expansion, 


Sues dE Qe. 


Cyciohexanone Cycioheotanone. Eponide 
(буз) ву) 


(d) Amines—Amines аге methylated in the presence of Lewis acid since amines are not acidic enough 
to react. Hence BF, is used as catalyst. 


БА 
тан + сн e пана + Ne 


Primary amines give а mixture of secondary and tertiary amines, 


2. Arndt-Eistert reaction Acid chlorides prepared пот acids are converted to diazokelone with excess ol 
diazomethane. 


soch, 
ясоон A, сос 


Roos! + OHM ясоснн; + HCI 
Diazoketone 


DIAZOMETHANE. CHa or CHA, EI 


сны + о + м 
It excess of diazomethane is not present to react with HCI then chloromethyl ketone is formed. 


RCOCHN + но e RCOCH:CI + Ne 


Diazoketone undergoes Wolff rearrangement in different mediums in the prese:.ce of catalyst, Ag;O (or Ag. 
Pt, Cu) to yield acids, esters, amides, etc., all with one carbon more (homologization) than the starting acid. 


но 
Ago pt яснсоон 
кон 4 
ESS sciccoon' 
E i 
[e псњсоння 


Uhe accon 


COCHIN 


{forms hydroxymethyl ketone with water and formic acid. 


RcOCHMe + но HOOOH, псоснюн + Ne 


Amdt-Eistert reaction has several important synthetic applications. 
з. Synthesis of heterocyclic compounds Diazomethane condenses with ethylenic and acetylenic bonds to 


give heterocyclic compounds. 


Pyrazolines are important intermediates for the preparation of cyclopropane rings. On heating with KOH 
on platinized asbestos, pyrazolines are decomposed to cyclopropane and nitrogen. 
4. Formation of carbene (methylene) Photolysis of diazomethane yields carbene which is extremely reactive 


species with a very short Ме period. 
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Carbene reacts with hydrocarbons by insertion into carbon-hydrogen bond. The reaction is nonselective and 
hence useless for synthesis. 


! [ 
Em eem 


E 
сым. р 
онз-сну-сн;-он;-он, ©» oh, -cHa-CHa-CHe-CHe-CHs + сну-©н-сн;-Он-ону 
ы n-Hexane 2-Mathylpentane 
+ ену-сн-ен-онг-ону 
bis 
Datanyperiane 


Carbene also adds to aliphatic and aromatic double bonds. 


@ сну-сн=сн-сн + CHAN YY, CH=CH CH-CH3 
4, 2-Dimathyi cyclopropane 


® Q d (Bren — O 


Tropildane 


DICYCLOHEXYLCARBODIIMIDE 


Preparation 
Dicyclohexylcarbodiimide may be prepared by any of the methods given below: 

(i) By the oxidation of N, A"-dicyclohexylthicurea with mercuric oxide 

i нозо 
CeHn-NH-Č-NH-coHy— =» сени-нёс=м-Сени + HgS + H20 
М, N-Dicycohenythiourea. Dicycohenycarbodimide: 

(i) By the dehydration of dicyclohexylurea with p-toluenesulphony! chloride in hot pyridine 

р -CHCsHaSOG! 


(GH y -NH-CO-NH- re 
Я мн сенн гаша Co 
Dieydiohosyluroa. occ 


=м-Сени + H20 


The reagent will be represented by the abbreviation, DCC. 


Uses 
Dicyclohexylcarbodiimide finds application as a dehydrating agent usually under mild conditions. Thus, the 


DICYCLOHEXYLCARBODIIMIDE an 


reagent has been employed as dehydrating agent in the synthesis of various compounds such as, esters, 
ethers, anhydrides, amides, lactones, lactams, peptides, etc. 
1. Esters Esterification of acids with primary or secondary alcohols is promoted by the reagent, 


RCOOH + ROH + CeHn-N=C=N-CoHy—> RCOOR' + CsHy-NH-CO-NH-CsHn 
pec GC, H20 


Mechanism—The reaction is catalysed by acid. The acid reacts with the reagent to form the compound 
() with а good leaving group. Subsequent reaction of the compound (I) with alcohol gives the ester with the 
expulsion of dicyclohexylurea. The sequential steps ol the reaction are given. 


N-Cotty 
n" hi 
е R-0-0H + Û 


The driving force of the reaction is the formation of a very stable compound, dicyclohexylurea. 
2. Amides Amides are not directly obtainable by the treatment of acids with amines. In the presence of this 
dehydrating reagent however, amides in good yield are obtained at about the room temperature. 


ZRCOOH + RNHz + CeHw-NECZN-CeHg —>RCONHR' + RCOOH + CeHyNH-CO-NHCeHy 


Mechanism—It is suggested that the reagent first converts the acid to its anhydride which with amine 


gives the amide. 
The acid first reacts with the reagent, as in the case of esterification to form (|) which reacts with another 
molecule of the acid to form the anhydride. The anhydride thon reacts with the amine to form amide. 


Í 1 
0 несени С 
(8С0)0 + МН: e RCONHR' + RCOOH 


The reaction has been employed to prepare lactams (cyclic amides). 
3. Ethers A mixture of phenol, alcohol and the reagent on prolonged heating under pressure gives aryl alkyl 
ether, 
i 
СН HEL СенОСәНа + CaHy-NH-C-NH-CaHy 
Elli phenyl ether М N'-Dleycenexyurea 


сенн + CaHgOH + CoHyN=C=t 
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4, Acid anhydrides The reagent gives an excellent yield of acid anhydrides from carboxylic acids. 


2RCOOH + сенүн=с=нсеНи —*> (RCORO + CaHifiH-CO-NHCHn 
The reaction has been employed to produce symmetrical anhydrides from N-substituted amino acids. 


CoHs-CH;-CH-COOH 


сононосојн — 222 sg -qHCOnO + Cue c HIC 
NCtobenzory f- сенусносонн 
heyine доне 


The amino group of the amino acid is substituted by стоорепгоху group to prevent the amino group from 
reacting with the carboxyl group. The carbebenzory group may be easily removed by hydragenolysis after the 
reaction. 
5. Diacyl peroxide Diacy! peroxide can be prepared by the treatment of carboxylic acids with hydrogen 
peroxide under mild conditions in the presence of this reagent. 

2RCOOH + HO + DCC R-C0-0-0-C0-R + DCC,H:0 


6. Lactones Dicyclohexylcarbodiimide in pyridine has bean found to be a better reagent than acetic anhydride 
in pyridine for the lactonisation of y-hydroxy acids. The method has been used during the synthesis of 
reserpine. 


7. B-lactams Lactams are cyclic amides. [-Lactams are highly strained rings, sensitive to acids while most 
reagents for amide linkage involve strongly acid reagents. This caused sericus problems in the synthesis of 
penicilin. However, the dficulty was overcome by using dicyclohexyicarbodimide for the amide ring. 


p? эсс, aN, 
pro-cHaconngH-gh Хорна ce Phochaconn-qH-ÇH "нс 


ноос нн——сн-соон o0 
Penicilic acid Pericón V 


CHCOOH 


Disopropyicarbodiimide has been found to bo a better reagent for amide ring formation as it is a very 
mild reagent. 
co- 
в, Peptides Amino acids in which the amino function has been protected by phlhalyl (coud ) or 
`со- 
carbobenzoxy (С;НСН;О-СО-) group condense with amino acid esters in the presence of 
М, N'-dicyclohoxylcarbodiimide at room temperature to give peptides, 


3 NN. 
enema + пиона Bm cai” оноон оноо + occo 


Alter hydrolysis of the product, the protecting group is removed by treating with hydrazine, (See Gabriel 
synthesis.) 


FENTONS REAGENT (40, + F0") - тз 


Phihalyl and carbobenzoxy groups are used as protecting groups since they can be easily substituted 
and easily removed. Carbobenzoxy group may be removed by hydragenolysis (Н, + Pt). a 
9. Barbituric acid Barbituric acid derivatives may be prepared by the treatment of malonic acid with the 
reagent, 


+ CoM NHCONHCoH iy 


FENTON’S REAGENT (H,O; + Fe”) 


Inorganic ions which can change their valence state by losing or gaining one electron (oxidation-reduction) 
have been used to produce radicals. Thus, ferrous ions (Fe™) generate from hydrogen peroxide, hydroxyl 


radicals which can oxidize organic compounds. 
А mixture of ferrous sulphate or acetate and hydrogen peroxide known as Fenton's reagent has been 
used to oxidize organic compounds. The mixture consists of ferric ions, hydroxyl ions and hydroxyl radicals. 


29 РИКС) 
Fé е H-O-0-H e Fe + HO HO 


їп Fenton's reagent the ferrous ion catalyses the oxidation of hydrogen peroxide generating hydroxyl radicals 
which oxidize organic substances. The oxidation is carried out by adding slowly a solution of hydrogen 
peroxide into an ice-cold aqueous or alcoholic solution of the organic substance and ferrous acetate or 
sulphate. 


Uses 
1. Oxidation of hydrocarbons. (a) Hydroxylation—Aromatic hydrocarbons aro hydroxylated with Fenton's 


reagent. The generated hydroxyl radical abstracts a hydrogen from the site of attack and oxidizes the 
substrate. The yield is, however, poor. 


(5) Couping—The hydroxy! radical may abstract a hydrogen from the susceplible position of the 
Substrate producing radicals which couple. The susceptible reactive positions are supposed to be the 
tpositions to the phenyl, ether, cyano, carboxyl, ester groups, etc. 
Thus, 
ноз + Fee " 
g0 Em э[шну-о-ён]——= суну-о-сну-сну-о-сунь 
‘nicole 
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The reaction is, however, not a general one. 
2. Oxidation of a-hydroxy acids a-Hydroxy acids are oxidized with Fenton's reagent to c-keto acids. 


2 
Haor * FP cHscocooH 
Pyuvi acd 
3. Oxidation of glycol FS 
GHH HO; + е? HOH 
koa °” cno 
[4 Gicolidehyde 


4. Oxidation of sugars Aldoses may be degraded to the next lower member with Fenton's reagent (Ruts 


method). Aldoses are oxidized to aldonic acid, the calcium salt of which on treatment with Fenton's reagent 
gives the next lower member, 


сно x соон occa 20 сно 

HoH Br, CHOH COOH), GHOH №0 *Fe Hon +сог 
нон» “кб” нон nor or 
non нон нон 

бизе arabinose 


5. Oxidation of tartaric acid Tartaric acid is oxidized to dihydroxyfumaric acid. 


соон 
нон 
Чоон (нос соон 
Tarare set Deysronforsri са 


Hada + Fe اا‎ 


Dihydroxyfumaric acid forms a complex with the ferric ions. The complex has a violet colour in alkaline 
medium. This is used as a test for tartaric acid. 


HYDROGEN PEROXIDE, H,O, 
Hydrogen peroxide is an oxidizing agent useful for synthetic purposes. It may be prepared by the following 
methods. 


1. From barium peroxide Ice cold dilute sulphuric acid is added to a paste of barium peroxide in water until 
just acid. 


BaO + HSO, e HAO + Вабо 


The solution is filtered and the filtrate is concentrated by slow evaporation at 70°C. 
2. Electrolytic process Electrolysis of 50% sulphuric acid gives 20% hydrogen peroxide solution. 


2, ө. 9 
4,50, == 2Н + 205054; 2H + а —À Hy 


ө 
205039 e HaS20, + 2e i HaSz0s + H20 e но, + набо, 
Percioulphune 


Care's se 
ac à 
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н5о; + HO > H202 + H3304 


3. Nonelectrolytic process. 2-Ethylanthraquinone |5 reduced with nickel and hydrogen to 2-ethyl-9-anthrol 
which is oxidised with oxygen of air to the starting material, 2-ethylanthraquinone and hydrogen peroxide. The 
reaction is performed in organic solvent and hydrogen peroxide is extracted with water, The method is not 
suitable for the production of a high concentration of hydrogen peroxide which undergoes explosive 
‘decomposition with organic impurities. 


zEtylanihraqulnone отне 


"s structure is suggested to be 
н-о-о-н — н 8 
Uses E 


Itis a good oxidizing agent and also catalyses many reactions. 


In alkaline medium hydrogen peroxide supplies oxygen nucleophiles as the attacking species for the 
oxidation, 


©. e e 
н-о-о-н + HO— o + o; н-о-о-н + 284 — 9-9 + aso 


їп acidic medium it probably forms the conjugate acid of HO, which can transfer ÓH moiety of protonated 
HO, to the unshared pair of electrons of the element of the substrate, e.g., alkyl sulphides, amines, ete. 


e 
н ® ө 
H-O-0-M === H-0-Q-H — НО + H20 
H 


Applications and uses 
Itis a good oxidizing reagent and catalyses many reactors, 

1. Preparation of alkyl hydroperoxides and alkyl peroxides (а) Alkyl hydroperoxides are prepared by reacting 
alkyl halides or sulphates with alkaline hydrogen peroxide. 


RX + но; BEL ROOH + мах + HO 


They may also be prepared from alkenes by sulphuric acid-induced addition of H,O,. 
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Secondary and tertiary hydroperoxides undergo acid-catalysed rearrangement and cleavage іо ketones and 
alcohols or phenols 


R 9 R 

R-G-0-0-4 Ye. 

R но @ 

Aryl group migrates in preference to alkyl group. The method has been employed for the industrial 
production of katones and alcohols or phenols. Thus, 


њ 0 е 
درم‎ {0+ coron 
— 


(b) Alkyl peroxides are prepared by reacting alkyl halides with NaO. 
эх + ныб; e R-O-O-R + 2Nak 


2. Preparation of асу! hydroperoxides and acyl peroxides (a) Асу! hydroperoxides are prepared by treating 
carboxylic acids with 90% H,O, in the presence of acid, 


EEN R 
снусоон + Hao —— сну-©-о-о-н + HO 
Acyl hydroperoxide 
peracbl aca] 


Peracids are important oxidants. 
(b) Асу! peroxides are prepared by treating excess of acelic anhydride or acid chloride with alkaline 


° 

CHSCOLO + мазо: =e Сну-©-0-0-©-сну + аснусосна 
Aca peroxide 

206952001 + Na70z e CuHa-CO-O-O-CO-CqH, + 2ңәс! 
Benzoyl porate 


Peracids may be prepared from acylperoxides also, 


70-ON» + сунусоосун 
Peroxides often react through free radical mechanisms. 


3. Hydroxylation of alkenes. With hydro 


gen peroxide and formic acid, a А 
contrast, alkaline KMnO, or O50, give: alkenes undergo trans hydroxylation. In 


в cis product, Formic acid is first converted by Н.О, to pertormic acid 


ation of the oxygen, S,2 attack by f 
hydrolysis yields trans diol. Y formate anion, and subsequent 


HYDROGEN PEROXIDE, H,0, гт 


9 
H202 + HCOOH e H-G-0-0H + ЊО 


4. Hydroxylation of aromatic hydrocarbons Hydrogen peroxide and ferrous sulphate (Fenton's ragent) react 
‘wtih aromatic hydrocarbons to yield phenols. 


5. Substitution of aldehyde group by hydroxyl group (Dakin reaction) Aldehydic group ortho or para to NH; 
or OH group is converted to hydroxyl group. 


5 ; 
CoH © -© ond eu 
Ow, OF — ori or e 
HO” жону но! = 
6. Oxidation of trialkyl boranes Trialkyl boranes are oxidized by alkaline hydrogen peroxide to alkyl borates 
which may be hydrolysed to alcohols. 


н: tac 
ros Be ope “22> эон + монь 


The reaction has been utilized in the preparation of alcohol by hydroboration of alkenes. 


вону-сн=сн; + в;ь——* 2(CH3CH:CH2hB 


H202, Он но, 
кнуонуондув Ee (сн;снасно)ув He зонусн;он;он + B(OH 
pe 


7. Oxidation of nitriles Nitrles are oxidized to unsubstituted amides. 
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ы 
B9. sccm 
н 


[3 сонн; 


ө, 
ï бг” нор, OH, бг” 


2Aathyoenzontile 2 Mothylbenzamide 


8. Oxidation of amines Tertiary amines are oxidized by H;O, to N-oxide. 
e 


поме 1202, RO 


Primary and secondary amines are oxidized to N-alkyl-substitutad hydroxyl amines. 


Hi "o 
dni ie [ыж] ب‎ 


4 amacrine 
e 

кундун EE — 1 
A J A, nOn home 


Hydroxyl amines are easily oxidizable and in case of 1° amines the oxidation may proceed to form nitro. 
‘compounds. 


CHy—(CHals -NH ÊR сну-(снз-мог 
Aromatic amines are oxidized to nitro compounds through the intermediate formation of N-phenyl 
hydroxyl amine and nitroso compounds. 


но; 
Cosa > сун,но; 


9. Oxidation of sulphur compouds. Thicls on vigorous oxidation with 30% H,O, gives sulphonic acids through 
the intermediate disulphides. 


энен 20.0 п-в-з-и 1 — aso 


Sulphides are oxidized to sulphoxides and sulphones depending on the concentration of the oxidant. 


p "в, 0р оњпоон а, оно оњсоон, б, 00 
фаз HDi СНСООН, Pg ног, онорон f 
R 2с R RO 


Alkyl sulphide баки sulphoxide аку sulphone 
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Р ET ЕЯ 
ы N ionine sulphoxide: 
(9) снуз-снсн, -©н-соон VLC jas 
"nien m 
снсоон CHa -Снг-Сн:-СНІМНа) 
ees 


в 
Methionine sulphone 


10. Cleavage of c-diketones. a-Dikelones undergo oxidative cleavage by alkaline H;O; to two molecules of 
acids. 


Similarly, ochydroxy and o-keto acids are cleaved (ct. lead tetraacetate 


R 
0 к-с-соон OLOH, pg 


R 9, Я 
© R 
ó 


н 


e 
U) я-@-соон RL Recoon 


11. Degradation of sugars Aldoses are first oxidized to aldonic acids. Subsequent oxidation of the calcium 
salt with Fenton's reagent (HO, + Fe") converts the aldose to the next lower member. 


сно goon 
©нон Bratt бон _ Casal оно 
(nons (HOH Fada, FeSO,” (НОН) + со; + њо 
pvo po Cimon 

me са 


12. Epoxidation of a, B-unsaturated ketones 


In the presence of osmium tetroxide, the dihydroxy compound is obtained. 


ню; 
R20 =CHCOR > R;CIOH)-CH(0H)- COR 
ЕЛ 
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LEAD TETRAACETATE, (СН;СОО),РЬ or РЬ(ОАс), 
Besides being an excellent oxidizing agent, it is also a good methylating and acetoxylaling agent. 


Preparation 
‘The reagent is prepared by gradually adding red lead with stirring to a mixture of acetic acid and acetic 
anhydride. The temperature is maintained at 55* to 80°С. 


neo 
Ро, + Мы Pb + ДСНЗСООрРЬ + 4H0 
аснусоон ASE => (снусооцрь + A 


Оп cooling, lead tetraacetate which separates is fitered and recrystallized from acetic acid. 


Uses 


The reagent is generally employed as an oxidizing, mathylating and acetoxylating agent. 
1. As oxidizing agent The reagent oxidizes alcohols to aldehydes or Ketones, 1, 2-glycols to aldehydes, 
ketones or both, hydroxy quinones to quinones, etc. 

The oxidizing property of lead tetraacetate is due to its ability to dehydrogenate the substrate while 
undergoing reduction to lead acetate and two molecules of acetic acid. 

The mechanism of the oxidative cleavage of 1, 2-diols is given for illustration. The mechanism was 
suggested by Criegee. 


Г 


-$on pons — 
Co کڪ‎ 1 — 57 PHON,* месоон 
-{ф-= а 5р to 
Ур See 
Lo 


(а) Oxidation of aleohols—Lead tetraacetate with pyridine oxidizes alcohols to aldehydes or ketones al 
room temperature in good yield. The reagent in pyridine is mild enough not to oxidize aldehyde further. 


HOC). 
CHa ~(CH2)s~CH20H urge СНУ (CHa) “CHO 


POAC 
Cs CH=CH-CH2OH "уши = Cele -CH=CH-CHO 
СИ 


сну-снон-он;-снон-снз 
Pyridine 


ону-со-сн;-со-сну 


Alcohols having hydrogen at &carbon тау be cyclisad. Totrahydrofuran is formed in high yield trom 
mebutanol. 


LEAD TETRAACETATE, (CH,COO),Ph or Pb(OAc), әм 


rene 
ош-ов-он,-онон BEML LY « prone «aeo 


Tovahyiro turan 
ш) 
(5) Oxidation of 1, 2-glycols—Vie diols are oxidized by lead tetraacetate at room temperature with 
cleavage of bond to aldehydes, ketones or both depending upon the structura of the glycols. 


g 
'—©-он  Pb(OAg. 


к-с-он ^ AcOH 


[] + РЫОАс) + 2AcOH 


(where R = H oral 


R 
A M Polonca 
(9 сн,—(снәу-©н-ён-{сну—соон PERE. CHy—(CHz}r-CHO + OHC—(CHa)r-COOH 
9, 10-Dihydroxystearic acid onadehyde Half aldehyde сагв acid 


The reaction is useful for the determination of the positions of the hydroxyl groups and for that mat 
position of the double bond in the olefine from which the glycols are prepared. 


Similar oxidative cleavage is observed in compounds having oxygen and nitrogen on adjacent carbons. 


r the 


I 
10) —0—нн рыса, E 


-p-n AOR mn 


EEE ей 
=y AcOH = 


(c) Oxidation of hydroquinones—itis an excellent reagent for oxidizing hydroquinones to quinones. The 
oxidation is useful for elucidating structures of organic compounds. 


он 


D 
жон 
o + Pb(OAc) + AcOH 
i-o 
92. 6) + 


он о 
P-Bonzoquinons 


pn о 
но: [Pon] © 


Lead oxide, PbO, is actually the oxidant which is obtained by decomposing lead tetraacetate with water 


(d) Oxidative decarboxylation—() a-Hydroxy acids and a-kelo acids undergo cleavage with loss of 
carboxyl groups (cf. hydrogen peroxide). 
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(i) Compounds having carboxyl groups on adjacent carbons (succinic acid derivatives) undergo 
bisdecarboxylation, 


1 
—©-соон POA — 


+ роле} + 2АсОН + 2С0; 
: бо Я Д 


Similarly, malonic acid derivatives undergo bisdecarboxylation with lead tetraacetate. 


R, соон в, е цо R 
ш с) 5 HO 
PR A ER eo 
к'©соон а n 


Monobasic carboxylic acids give esters which may be hydrolysed to alcohol but there are many side products. 


а њо 
к-соон FROAN. Roomas НЧ, ہو چ‎ 


(6) Oxidation of amines—Oxidation of aromatic primary amines gives azo compounds. 


Piono) 
aan, FAAM AzNar 


Azo composed 
Ortho-diamines are oxidized with ring opening. This is an important industrial method for cleavage of 


aromatic rings. 
Мн рыса dan 


scie Dire 


2, As acetoxylating and methylating agent When boiled with glacial acetic acid, lead tetraacetate breaks up 
into lead acetate and two acetoxyl radicals. 
E 


— | 


(CHsCOOuPS 


The acetoxy group may directly abstract hydrogen causing dehydrogenation or may decompose to carbon 
dioxide and methyl-free radical. 


R-M + CHaC00° —= ff + снусоон 
ог CHsGOO"—* co; + ёну 
‘The methyl radical may combine with the alkyl radical to give methyl derivative, 


orit may dehydrogenale the substrate to produce a radical which combines with the acetoxyl radical to give 
acetoxy! derivative, 


te Big e песы 


CaHsCHy + бну——» Сеніна + CH4 i CsHSHa + CHyCOS —À cotscHsococy 


LEAD TETRAACETATE, (CH, COO) Pb or РОА) 223 


(а) Acetoxylation—() Carbonyl compounds—The reagent acetoxylates the reactive methyl groups and 
the active methylene groups. 


снусосн, PMOL дсоснзсосніоле 


и, d'-Discatasy acetone 


p 
A 
снсоснусооя PON. сн, -со-0н-соон 


lo positions of attack are benzi and 


(i) Hydrocarbons—in aromatic hydrocarbons the susce 
9 or 10-positions of anthracene, 


Q7: 0^" 000-090 


Bonzy acetate 
Aestonyanbwocane 


In cyclo alkenes both the double bond and the allylic position are attacked. 


оле 
О Ролу Ó оле ом нњо он 
' оле он 
ү 3 Cis and ana Diol 
1, 2-Dlacetatos 


Iis in fact a process of hydroxylation. 
(b) Methylation—Direct methylation can be carried out by boiling the compound with lead tetraacetate 
and glacial acetic acid. 


сњ 


мо; РЫОА Oz. моз 
AcOH, вов 
NO Nos 
тв тнт 


A substitute of vitamin K (antihemorrhagic factor) is 2, 9-dimethyl-a-naphthaquinone which can be prepared 
by direct methylation, 


жон А 
рылом “ш” 2PBOAc) + 2cH cod 


2сњсоб—= 26H, + 2002 
о 


o 
А CH в РИ 
CHa ёну +; сњсоб + i? e снусоон 
сњ 


о о 
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Other reactions 
Hunsdieckler reaction (decarboxylative bromination) may be conveniently effected by treating the acid with 
lead tetraacetate in the presence of halide ion. 


Ө Phoen, 
ксоон + 87 HAS па 


А reaction similar to Hofmann rearrangement may be performed by treating the amide with lead tetraacetate. 
The initially formed isocyanate and the amine may react to form substituted ureas or the amine may react with 
the liberated acetic acid from the reagent to yield amide. 


вчнсоннк. 
СИЯ но, 
scout, POR, zoo М, numa сон эле 
s 


"Subsiluled amide 


LITHIUM ALUMINIUM HYDRIDE 


Lithium aluminium hydride (LAH) is one of the most important and useful reagents for the reduction of carbonyl 
‘compounds along with many other compounds. 


Preparation 
‘The reagent is prepared by slowly adding a calculated amount of anhydrous aluminium chloride to a paste of 
lithium hydride in dry ether or THF. 


eter GO 


ру 
ашн + Alch Чут” LAH, + UCI 


Precipitated lithium chloride and the unreacted lithium hydride are removed by filtration. The filrate is 
‘evaporated in the absence of air and carbon dioxide when lithium aluminium hydride is obtained as a grey 
solid, It is spontaneously inflammable and reacts violently with water and alcohol with the evolution of 
hydrogen. Itis soluble in ether, tetrahydrofuran (THF) and dioxan. 


Reduction procedure 


Powdered LiAIH, is added to dry ether or THF and kept agitated in a flask which is fitted with а condenser and 
а dropping funnel. Solution of the substance in ether is then gradually run into the flask so as to maintain a 
gentle boiling of the mixture, The reduction product is decomposed with water and acid. 


н 
„| ee 

m-C-ol-A НО: 
R но 


Excess of ШАН, is also decomposed by water and acid. 


Ebor. 
8-0 + UAM e 
H 


OH + AGO); + USO 
К 
(hore R= at, OH, CI, ato.) 


DLAI + 4Hy504—* LUSSO, + АБО; + ну 


Mechanism 


The reagent can supply hydride ions to a large variety of compounds having groups with polarized multiple 
bonds such as, С=О, C«N, C-N, N-O, elc. It is suggested that as the nucleophilic hydride ion attacks the 
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positively charged carbonyl carbon, aluminium complexes with the oxygen, i.e., the reaction is concentrated. 
The intermediate (1) formed in the first step has three more hydrogens which are similarly transferred to three 


other molecules of the substrate to yield the complex (1). The latter on hydrolysis with water and acid gives 
the reduced product, 


s. 
ANS ә 2e 0499 ya я, он 
D на 
yclo + — 5 م لګ‎ e —- >C + + 
A н e pe тиге, + ась + ш 
0 " " 


The first stop Is fast but the subsequent steps are slow because the electron-withdrawing effect of the alkoxy! 
group inhibits the hydride ion transfer. It is seen that in reducing the cabonyl compound, hall the hydrogen is 
supplied by the reagent and the other half is supplied by the solvent, i.e., water. 


It reacts readily with acidic hydrogens. One fourth of the valuable reagent is lost in the formation of 
hydrogen on reacting with the hydrogens of acids. 


oe 
R-COOH + LA, e н-сооАнй + Hz 
Hence acids are better converted to their esters before reduction with lithium aluminium hydride. 
Uses 
The reagent may be used to reduce aldehydes, ketones, acids and their derivatives, epoxides, eto., to 


alcohols. The reagent can also reduce nitriles, aliphatic nitro compounds, anilides, azides and isocyanates to 
amines, The substrates and their reduction products with LiAIH, are listed below. 


Substratos Reduction products эшш Reduction products. 
ROHO конгон RCHOorRNH; 
RCOR RCHOHR А 
RcooH. конгон м-но, AIM ENHAT 
RCOOR' яснзон + кон AINHCH;CHs 
Rcoci RCH,OH RNHCHS 
2N янна 

в-сн—сн›  RCHOHCH, + RCH:CH20H 
(асоро 2ROH,OH 
The fist is by no means exhaustive 
1. Reduction of carbonyl compounds The carbonyl compounds are smoothly reduced without affecting 
double or triple bonds. 


илн, 


(a) снуснхсно: CH3—(CHa)a-CH20H 
Hexanal 20 Непа 


Ана, ether 
(b) сну-сн=он-сно e ML Chy -CH=CH-CH20H 


Cratonaidehyde — 209 саманы 


‘Sometimes the double bond is also reduced when a phenyl group is attached to the B-carbon. 
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цана, ether. 


сену-сн=сн-сно E cq isc cH CHO 
Cnnamaldehyde 2H0 S Pheniorcpercit 
шань, ether, 
© снуснусосн; ——— g- =e снуснзснніснь 
мек 2480 Butan 2l 
уйд, ether, 
(8 снзсоснусоон AH SE cus -CH(OH)-CHz-CH20H 
Ethyacotoacetats ^ 2.H, Butane. dol 


(e) The reagent is ої considerable utility for the reduction of sensitive and expensive carbonyl 
compounds. 


он 


 Gyciobutanol 


2. Reduction of acids and their derivatives Acids are resistant to reduction by all other reagents. 


Adds 


ЗААН, ether 
снз—(снди-соон ee сн. (CHa) - CH; OH. 
Palmite 2H Hexadecarci- (сету! alcohol] 
ALAH, ether 
ону-он=сн-соон ES сну-сн=сн-снуон. 
Crctoric acid 20 Croy alcohol 
ТААН, ether 
снымнуснгсоон ==”, снн }oHscH20H 
[ГИЧ 240 3Aminopropanat-1 
1ААН, ether 
Acidehlerdes снусос! — SM снусн;он 
2H0 
1ДАН, ethar, 
‘Acid anhydrides (СНСОО 2снзснзон 
2450 
ЗААН, other 
Esters сну-сн=он-соосн A AM сну-он=сн-онуон 
ањо But-2-ene-t-01 


‘Amides—Unsubstituted amides give 1° amines while substituted amides give 2° or 3° amines. 
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Anilides are similarly reduced to 2° or 3° amines. 


() CeHs-NH-CO-CH3 () снү-нн-сну-сну 
етапа ө,  NEtyankie (2° amine) 
(9) сенү-щснуу-со-сну | әна (9) CoHs-N(CH3)—CH2-CH3 
N-Mothyacetanlise N-Mathyl-N-othyi aniline (3 amino) 


З. Reduction of nitro compounds, azides, oximes, nitriles, etc., to'primary amines 


Niro compounds 
I 

CHa -CHa -CH(NO;)-CHs e CH CHa CH(NHo)-CHy 
з Ener 


Nitrobenzene, however, gives azobenzene via azoxybenzene. 


ин 
CH; =CH-CHCHaN таре CHa -CH-CHa- CH) - NH, 


АМ catbiny azide Alyeacbiny amine 


unes uH 
(CeHshC7N-OH Eper” (OsHdaCH-NHa 
Benzophonona oxime Diohenymelhy amine 


Nitriles—Reduction of nitriles with ЦАН, may give amine or aldehyde depending on the conditions of 
the reaction. 


(а) Aldehydes are given when a solution of АН, is added to the solution of a nitrile in dry ether or THE 
at low temperature. 


e 
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(b) Amines are obtained when a solution of nitrile is added to the solution of lithium aluminium hydride 
in ether or THF. 
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н J4AH, ether 
Le весне RCH;NH. 
thar “mine salt 
2H0 
4. Reduction of hali 
Ether 


A(CHshCH-CH2Br + UAH, e 4(CH3jaCH + UAIBia 
5. Reduction of epoxides to alcohols 
ا‎ T 
egent ven Saft Ber oran 


в. Reaction with compounds containing active hydrogens The reagent reacts with alcohols and amines to 
evolve hydrogen. The method can be used to estimate active hydrogen. 


oo 

авон + LAH, ——= (ОМА + ань 
eo 

аяяну + LAH, — m (ЯНА + ана 


7. Introduction of deuterium in organic molecules Lithium aluminium deuteride has been used for 
introducing deuterium in organic compounds. 


@ плю, + 4CgHs=ÇH-CH; =e 4CeHs-CH-CH3 + UAIBu 
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Cyclohexanone  Cydohexancktd 


OSMIUM TETROXIDE, OsO, 


Osmium tetroxide is a reagent for cis-hydroxylation of carbon-carbon double bond. 


Preparation 


itis prepared by the oxidation of osmium metal or its compounds by strong heat in the presence of air. More 
commonly itis prepared by heating osmium metal to red heat in air. 


Rod haat 
© + 202(0K) ——— ого 


Osmium tetroxide is toxic and volatile. Its vapours are specially dangerous for eyes. Since it is an expensive 
and toxic substance it is used only for the synthesis of fina chemicals (pharmaceuticals) and for degradative 
purposes in the elucidation of structures. 

For the oxidation purpose, a solution of OsO, in ether or Кошу! alcohol is added to the solution of the 


OSMIUM TETROXIDE, О5О, = 


olefine in the presence of a base, e.g., pyridine which catalyses the reaction by coordinating with the resulting 
cosmic ester. The osmic ester is then hydrolysed by refluxing with an aquecus-alcoholic solution of a reducing 
agent, a.g., sodium sulphite which prevents further oxidation of the product. 

Osmium tetroxide, ike permanganate, undergoes initial cis-cycloaddition with the olefine from the less 
hindered side to yield cis-1, 2-diol as the final product. 


ie ы. M a 
С m + 2° geste. و80‎ ө 
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The addition of OsO, is slow but almost quantitative, The cyclic osmic ester is insoluble. The reaction 
generally occurs at room temperature. 


Uses 
1. Preparation of cis-1, 2-diols 


2. Elucidation of the structures of polynuclear hydrocarbons. Anthracene is oxidized by O50, to tetro () 
which on further oxidation with potassium ferricyanide gives naphthalene-2, 3-dicarboryli acid (I). The 
carboxyl groups at positions-2 and -3 indicate ortho fusion of the third ring in anthracene and also linear fusion. 
of the three rings. 


on 
1050, OM оғым) 00H 
2505 di соон 

m 2% 


Similar treatment indicates ortho fusion of the two rings in naphthalene, 

3. Asa catalyst. Since it is an expensive and toxic reagent, it is sometimes used in small catalytic amounts 
with other oxidizing agents, o.9., HzO; which reoxidize osmium in its lower valence states to OsO, to continue 
the oxidation of the substrate. 
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но; 
() CHa=CH-CHO e CHa(OH)-CH(0H)-CHO 
Aeralaehyae CSOs Gyearaldehyde 


єн 
ону-бон)у-сн;он 
2Melhyoropan-1, 2-diol 


H202 + -butanol 
O54, 0C, 2% n 


M CH= 
2Aethyl propano 


H202 + OsO4itGaMTOH  GH(OH)—COOH 


‘Several hours бнону-соон 
mesotartaric acid 


(9) сене 


(iv) Conjugated double bonds are also hydroxylated with OsO, and H;O,. 


но; + бы 
M (a) тус=сн-сон-"2°# * 0804. Rac(oH)-CHOH)-COR 
pov а. Ohydrory helene 


H202 + озо, 
(©) сену-сн=сн-соон Ê, сан, сон) сно) -соон 
Cinnamic acid Phonykg)ycerie acid 


(V) сн-соон NaCiOs * 0504, сніон)-соон 
©н-соон — S0C/Mh ^ CH(oM)-COOH 
Мав acid mesolararc acid 


4. Elucidation of the structures of unsaturated compounds Hydroxylation oí carbon-carbon double bonds by 
‘osmium tetroxide and their cleavage with specific reagents, e.g, lead tetraacetate or peracids offer a good 
method for the degradation of unsaturated compounds. Identification of the degraded products gives the 
presumplive structure of the unsaturated compound, 


The reagent has also been employed in the synthesis of cortisone 


PERBENZOIC ACID (Peroxybenzoic acid), CJHCO;H 


Several percarboxylic acids have been prepared of which perbenzoic acid is the most commonly used in the 
laboratory, The percarboxylic acids are unstable reagents and hence they are freshly prepared before use. 
Perbenzoic acid may be prepared by several methods. 


Preparation 
1. A cold solution of benzoyl peroxide in chloroform is added to a cold (0°=5°C) solution of sodium 
methoxide in methanol. The product, sodium perbenzoate is extracted with ica-cold water which is 
acidified with cold normal sulphuric acid and extracted with chloroform, Chloroform is removed by 
distillation under reduced pressure when perbenzolc acid Is obtained as a solid, m p. 41°C. The yield 

is about 82%. 


PERBENZOIC ACID (Peroxybenzoi acid, CH, GO, H 2 


о 2 R 
-0-@-сєн + CHON e CeHs-C-0-ONa +  CoHs-G-OCHy 


сане 


но, 
Санасозма Êk сун,сооон 
CHC 


2. To a solution of benzoic acid in methane sulphonic acid, 70% hydrogen peroxide is added dropwise 
with constant stirring. The temperature is maintained at 25°-30°C. The stirring is continued for two 
hours. The mixture is extracted with benzene, washed with ammonium sulphate solution and filtered 
when perbenzoic acid is obtained. The yield is 80-90%. 


саннсоон + HzO e CeHs-C-0-0H + H20 
3. A mixture of methylated spirit and magnesium sulphate is added with stirring to an aqueous solution 


of sodium peroxide (or better hydrogen peroxide and sodium carbonate) at about 20°C. Benzoyl 
chloride is then added slowly with stirring to the resulting mixture. The solution is then filtered, 


acidified with sulphuric acid and extracted with benzene. Perbenzoic acid is obtained оп distiling off. 
benzene. 
Сзн5С001 + нә;0; —— CgHCOjNa + NaCI 
2CeHgCOsNa + HaSO, e 2049503 + Маза 
Procedure 


Ethereal or chloroform solution of perbenzoic acid is added to the substrate. The mixture is kept from one to 
several days (according to the substrate) at room temperature. The mixture is washed with dilute alkali, dried 
апа the solvent distilled off 


Use 
Perbenzoic acid is а good oxidant and reacts with olefinic bonds to yield epoxides (oxiranes). Some of its 
important uses are— 
(a) Epoxidation Perbenzoic acid reacts quantitatively with non-conjugated double bonds to form epoxides. 
о 
ZN 
R-CHZCH-R + сёңсоун e R-CH-CH-R + сңсоон 
Except amino group, other groups such as hydroxyl, ester, aryl, etc., do not interfere. The reaction conditions 


are mild and the yield is high. Electron-donaling groups increase the reaction rate. Thus, 1, 2-dimethyl 
1, 4-cyclohexadiene forms epoxide with the alkyl substituted double bond. 


Ot OF 


Unsaturated groups adjacent to the olefinic bond decrease the reaction rate by electron withdrawal, e.g., the 
reaction is very poor with a, f-unsaturated acids or esters. With a, f-unsaturated aldehydes or ketones, 
Baeyer-Villiger oxidation may compete with epoxidation. 


EI REAGTIONS, REARRANGEMENTS AND REAGENTS, 


Mechanism of epoxidation—A widely accepted mechanism involves the formation of a cyclic 
intermediate state which transforms into products. 


Evidence in favour of this mechanism are 
(0) the reaction is second order (II reaction occurs readily in nonpolar solvents, i.e., without ion formation and 
(11) the addition of oxygen is stereospecific, e.g., cis-olefin gives cis-epoxide. 
Epoxides may be transformed into alcohols, diols, carbonyl compounds, elc Thus, 

‘Alcohol—Epoxides on reduction with ЦАН, gives alcohols. Cleavage occurs so thal a 3° alcohol 
formed and if that is not possible then а 2° alcohol is formed. 


ан, 


я-сн-сн; я-снон)-сн 
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Vic diols—Epoxides are hydrolysed to trans 1, 2-diols, the reaction is acid- or base-catalysed. 


Seed Pe i meet BN, 
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Depending upon reaction conditions the diols may undergo pinacol-pinacolone rearrangement to aldehydes 
or ketones. 
(b) Oxidation of ketones to esters (Gaeyer-Villiger rearrangement) Kelones are converted io esters and 
cyclic ketones to lactones on treatment with perbenzoie acid (or better with CF.CO.H). Lactones are formed 
with ring expansion. 3 

E: 

Ca cy н, сонссон 
Phenyl acetato 
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(с) Oxidation of a-diketones and 1, 2-quinones to acid anhydrides The anhydrides obtained by oxidation 
may be hydrolysed to acids. 


сенсоун 
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PERBENZOIC ACID (Perorybenzois acid) СН, CO, зз 


° ° 
O сенысозн, o №0, OC 
CHO 2 
e Gartorjaocivani acd 
(d) Oxidation of amines Aliphatic 1° and 2° amines are oxidized to alkyl and dialkyl hydroxylamines 


respectively. 


D 
снєон | Y 
Ronm SPP, | RASP | _ „ш 
Aly hydroxylamine 


4 
посни SECON, | BP „ш 
R N, N-Dial hydroxylamine: 


Hydroxyl amines аге easily oxidized and 1° amine may be oxidized to nitro compound. 


conco 
Сну (снг -NH2 Pe 


CHa ~(CHa}s-NOz 
Aliphatic 3° amines are oxidized to amine oxides and aromatic amines are oxidized to nitro compounds. 


сонсон ФӘ сен:созн 
вй RNO j сенн, ————= сано 


Pyridine is oxidized to pyridine-N-oxide. 


CeHsCOH, снзсозн 
Rex 


ie 
Pyridine-N-onide 


(e) Oxidation of azobenzene Perbenzoic acid oxidizes azobenzene to azoxybenzene. 


Heo Ө 
го; Ar-NZN-Ar 
59 
zou benzene 
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( Oxidation of thioethers. Thioethers are first oxidized to sulphoxides and on further oxidation to sulphones, 


сонсон сно cupo оњ, уо 


(анз ЕР о 
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(g) Oxidation of benzaldehyde Benzaldehyde is oxidized to benzoic acid. 
бєнсоун + CoHgCHO ——e 2сан;соон 


A white deposit of benzoic acid is observed at the mouth of the bottle containing benzaldehyde. This is 
because benzaldehyde is oxidized by atmospheric oxygen to perbenzoic acid which subsequently oxidizes 
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benzaldehyde to benzoic acid. 
(h) Detection and estimation of double bonds The presence of double bond is detected by the formation of 
epoxide which may be separated. 

For the estimation of double bonds, а known quantity of the olefinic compound is allowed to react with 
an excess of perbenzoic acid in chloroform for several hours, The unconsumed peracid is determined by 
iodometry. The number of double bonds in the compound is then calculated from the amount of peracid 
consumed and the weight of the olefinic compound. 


PERIODIC ACID, HO, or HIO,.2H,O 


prepared by the following methods. 
1. On passing chlorine into a boiling solution of sodium hydroxide and iodine, a precipitate of disodium 
orthoperiodate is obtained. The latter on treatment with aqueous silver nitrate solution gives silver 


orthoperiodale which on treatment with chlorine in the presence of water gives orthoperiodic acid. It is then 
filtered. 


This valuable reager 


nO + оь سگ‎ iuo; E baal + 
Na; + NaOH + Ch e Nazas + NaCI 
Маназ + SAgNO3 e AgjOg + 2NaNO3 + 3HNOS 
мю, 
AgjOs + lp > Hedy 
The filtrate on evaporation over concentrated sulphuric acid gives orthoperiodic acid crystals, H.IO, or НО, 


2H,O which on heating to 100°C in vacuum gives metaperiodic acid, HIO,. 
2. Perchloric acid solution in water on treatment with iodine gives periodic acid. 


ансо, + ly ——= но, + Ch 
3. By the anodic oxidation of iodic acid, HIOs. 


The characteristic property of periodic acid is the oxidative cleavage of bonds with adjacent oxidizable 
groups such as, 1, 2-diols, cchydroxy carbonyl compounds, 1, 2-diketones, c-amino alcohols, etc. The 
reagent does not react with 1, 3- or 1, 4-diols or carbonyl compounds, Also, the reagent has no effect on the 
oxide ring of carbohydrates. For two adjacent oxidizable groups (e.g. -CHOH-CHOH-, -CHOH-CO-, elc.) 
one molecule of the reagent is consumed which oxidizes a CHO group to formic acid, CH;OH group 10 


formaldehyde, СНОН group to aldehyde group or formic acid according to the positions of the groups. This s 
illustrated below. 


в -H03 
в-снон}снон + Hio, —— >e я-сно + HCHO 


E 
н-снон{снон-' + ню, = ORe echo + вено 


PERIODIC ACID, НуО, or HID, 24,0. EI 


۴ M -H03 
RaC(OH)$CHOH-R' + ню, A> со + R'CHO 


Р TELS Я 

п-снон{снон+снон-а' + но, ÊL ясно + HCOOH + R'CHO 
РЕР HOS 

R-COjCHOH-R + HO, Zz я-соон + R-CHO 


1 E 
CH;OHiCO-CH,OH + HO, A, HCHO + ноос-снгон 


E 
m-cojco-n + но, > н-соон + я-соон 


" -H0 
RCHNH24CHOH-R’ + ню, e RCHO«RCHO + мнз 


Hos 
R-CHOH-CH2-CHOH-R — e. No reaction 


Each dotted line represents one mole of periodic acid and the position of the cleavage of bond. The reactions 
are practically quantitative. The oxidation is carried out at room temperature with the aqueous solution of the 
oxidant. 


Mechanism 


The reaction probably proceeds via a cyclic intermediate (И) or (Il resulting from the reaction between the 
substrate and the ion (1) of the reagent. 
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Uses 

Periodic acid has important synthetic and analytical applications. The reagent is very useful in the 
determination of the structures of carbohydrates and in general of 1, 2-alycols. Different substrates consume 
different amounts of the oxidant to give different amounts of formaldehyde and formic acid. This is indicative 
of the structures of the substrates. 

Periodic acid can be estimated iodometricaly. Similarly, formaldehyde and formic acid produced in the 
reaction can be estimated. Since the oxidation reactions are practically quantitative, the knowledge of the 
number of moles of periodic acid consumed and the number of moles of formic acid and formaldehyde 
liberated can afford valuable informations about the structure and size of the ring of carbohydrates. 
Identification of the fragments of periodic acid oxidation of glycols provides evidence for the structures of 
‘lycols. Qualitativoly, the oxidation with Н.О; is indicated by the formation of a white precipitate of AgIO, with 
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AgNO, solution. 

1. Identification of aldoses Predictable amount of periodic acid consumption per mole of different aldoses is, 
four moles for aldopentose, five moles for aldohexose, six moles for aldoheptose, etc. Thus, the number of 
carbons in the aldose can be known from the amount of the oxidant consumed. 


| 
снаон}снон}снон}снон}сно + ано, —— ансоон + HCHO + «нюз 
Ариго 
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2. Distinction of aldohexose and ketohexose Glucose and fructose consume different amounts of periodic 
acid and give differant amounts of formic acid. 


ПЕЕ $ мо, 
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From the amount of periodic acid consumed and the amount of formic acid liberated, the two 
monosaccharides can be identified. 

3. Determination of the size of the oxide rings of sugars When glucose is treated with methyl alcohol and 
hydrochloric acid it gives two isomers of methyl glucosides. The one (I) prepared under hot condition 
consumes two molecules of periodic acid and gives one molecule of formic acid and no formaldehyde. This 
fits in with the 1 : 5-oxide ring structure (pyranoside). 
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Methyl glucoside (1) Acetaldialdehyde 


The other isomer (II) prepared under cold condition consumes two molecules of periodic acid and gives one 
molecule of formaldehyde but no formic acid, This observation fits in with the 1 : 4-oxide ring structure 
(furanoside), 


CHO + HCHO 


©нуон 
меу glucoside (1) 


PERIODIC ACID, H,O, or HIO,2H,0 э? 


4, Structure of sucrose Each molecule of sucrose consumes three molecules of periodic acid and gives а 
tetraaldehyde and one molecule of formic acid. Subsequent oxidation of the product followed by hydrolysis. 
‘gave glyoxalic acid, glyceric acid and hydroxy pyruvic acid. From the degradation products and the number of 
molecules of periodic acid consumed the C-C linkage of the two moieties in sucrose was established. 
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5. Ring size of the sugar residue ої nucleosides The sugar residue of nucleosides is a five-membered 
furanose ring, since it consumes one molecule of periodic acid producing only a dialdehyde. 
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6. Oxidation of alkenes Periodic acid has no reaction on olefins. However, olefins can be hydroxylated to 1, 
2-glycols and then oxidized with periodate to carbonyl compounds. Exocyciic olefinic bonds can be oxidized 
by this method. 


тыу D Muros күк 
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А mixture of dilute aqueous solution of permanganate or hydrogen peroxide and sodium periodate (Lemieux 
reagent) may be used to oxidize olefins in one step. 


кипа 
сну—(©ну-сн=сн-(снду-соон чс Сна (нау СНО + OHC—(CHzh -COOH 
Oleic acid ‘mNonaldehyse Half aldehyde of senio acid 


7. Estimation of amino acids Amino acids having hydroxy! group adjacent to the amino group consume one 
‘molecule of periodic acid and liberate one molecule of ammonia on oxidation with periodic acid. Evolved 
ammonia and the oxidant consumed may be estimated and from this the percentage purity of the amino acid 
сап be determined. 
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The reagent has boen employed in the determination of the chain length of polysaccharides, in the 
elucidation of the structure of chloromycatin, and in the synthesis of some natural products such as, 
cholesterol, reserpine, etc. 
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RANEY NICKEL 


Nickel has found extensive use as a catalyst for hydrogenation. Raney nickel is an extremely active form of 
nickel. 


Preparation 

Raney nickel is prepared by adding nickel-aluminium alloy (1 : 1) over a period of 2-3 hours to an ice-cold 
solution of sodium hydroxide (25%). The mixture is healed to 115°C-120°C with occasional stirring for about 
four hours. A further quantity of sodium hydroxide solution is added and the temperature maintained at 
115°C-120°C til the evolution of hydrogen ceases. The alkali layer is decanted off and the residue (nickel 
catalyst) is washed several times with water and then with alcohol. It is stored under absolute alcohol, ether 
or dioxan in a stoppered bottle. 


т-м! + NaOH + H2O e NaAlOg + М-Н + He 
Raney nickel 


Raney nickel is a black spongy metal powder with a weak nickel-hydrogen bond. Hydrogen is bound to the 
surface of the catalyst (50-100 ml/g). The degree of catalytic activity depends upon the reaction conditions of 
preparation. Based on different degrees of activity they have been designated as W-1 to W-7 (W = 
Wisconsin). 


Uses 

Raney nickel is a widely used powerful reducing agent. Most olefins are reduced at room temperature at about 
atmospheric pressure while resistant compounds require higher temperature (about 100°C) and pressure 
{about 100 atmosphere). Double bonds common to two rings are generally difficult to hydrogenate. Aromatic 
hydrocarbons and aromatic amines require a higher temperature and pressure, 

1. Reduction of carbon-carbon multiple bonds Raney nickel reduces multiple bonds present in aliphatic, 
alicyclic and aromatic compounds. 
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2. Réduction of aromatic ethers Aromatic ethors are reduclively cleaved on heating with Raney nickel. 
Hydrogen comes from that normally contained in Raney nickel and from the solvent, 


RANEY NICKEL EI 
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When R is aromatic it may be reduced to cyclohexane unless degassed Raney nickel is used. 


Mechanism— won SEIL. f + пон 


Ar takes up proton from the solvent and ROH is reduced by hydrogenolysis 
3. Reduction of nitro group to amino group 


м-н 
(CHshG-CHi-CHz-COOCHs вр” (CHhÇ-CHz-CH2-ÇOOCH3 
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Methy-4-methyl4-niropentanoate Metny!-t-mathy-4-aminopentancate 


The product on heating is cyclised to pyrrolidone derivative. 
4, Reduction of nitriles Depending upon the conditions of reaction, nitriles are reduced to aldehydes or 
primary amines. 

(8) Nitriles in aqueous acetic acid-pyridine medium are reduced to aldehydes with Raney nickel and 
sodium hypophosphite. 
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(6) When nitriles are treated with Raney nickel under pressure, primary amines are formed. 


м-н мен 
песн Ee п-сн=кн "= cong, 

The primary amine may react with the aldinime to form secondary amine. This may be prevented by 
carrying out the reaction in the presence of acetic anhydride which converts the primary amine to its acetyl 
derivative. 

5. Reduction of halides Dehalogenation is accomplished by several reagents. The advantage of using Raney 
nickel is that it removes all the halogens including fluorine. Similarly, phenyl tosylates can be reduced. 


won н-н 
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Desulphonation Sulphonic groups may be easily replaced by hydrogen. 


m" 
лон CRM. a n 


7. Desulphurization Thioalcohols, thioethers, disulphides, thioamides, sulphoxides and sulphones are 
desulphurized by *hydrogenolysis with Raney nickel. Hydrogen is not required extemally as Raney nickel 
contains sufficient adsorbed hydrogen for the reaction, 


‚_м-н , NH. 
R-S-R'— e RH + RH ; ясена" — Le ңснуннк' 
Thioethor. Thioamide amine 


‘Thiophene derivatives which may be considered as cyclic thiosthers are desulphurized with accompanying 


Hydrogenolysis means tha cleavage of carbon-helaro atom bond by catalytic hydrogenation, 
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reduction of he double bonds. 
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2,5-Dialkyiihiophene 


The reaction is very important for the elucidation of the structure of thiophene derivatives e.g., biotin. 
A Å 
HN н HN NH 
ш-н 
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Dethictiotin 


Biotin 


Desulphurization may also be employed to prepare higher acids and compounds which are otherwise difficult 
to synthesize. 
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Desulphurization has been utilized for the conversion of a ketonic group to methylene group. When the 
carbonyl compound to be reduced is sensitive and cannot be reduced by Clemmensen or Wolft-Kishner 
methods, they are converted to cyclic thioketals with 1, 3-propanedithiol and then desulphurized with Raney 
nickel. 
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Raney nickel is not poisoned by sulphur compounds. 

8. Hardening of oils Raney nickel is employed in the industrial production of hydrogenated oils (vegetable ghee). 
Oils are glycerides of unsaturated fatty acids. The unsaturated hydrocarbon part of the fatty acid is 

partially hydrogenated with Raney nickel at 150-200°C under pressure to yield the hydrogenated oil 
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tatty acids (ois) (vegetable ghee) 


‘SELENIUM DIOXIDE, SeO, 


SELENIUM DIOXIDE, SeO, 


Selenium dioxide is an important oxidizing agent, specific for the oxidation of reactive methylene and methyl 
groups. 


Preparation 
Kis prepared by the direct oxidation of metalic selenium. Selenium bums with a blue llame in air producing 
selenium dioxide. The oxidation is catalysed by nitrogen peroxide. 

зе + Ozal 5802 
It is a white crystalline solid, dissolves in water forming selenious acid (Н;5еО,) and is highly toxic. The 
reagent, in general, oxidizes active methylene and methyl groups 10 kelonic and aldehydic groups 
respectively 


Double bonds, triple bonds and aromatic rings may also activate the methylene group. The reaction is 
usually carried out in acetic acid or acetic anhydride at a temperature between 100°С-140°С. Alcohol or 
dioxan may also be used as diluents. 


Uses 
Besides oxidation of the active methylene and methyl groups, the reagent has been employed for allylic 
hydroxylation, allylic oxidation, dehydrogenation and as a catalyst in some reactions. 

1. Oxidation of reactive methyl and methylene groups 
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Diphenymethane Benzophenone 


(н) Activated ring methylene groups are also oxidized to carbonyl groups. 


‘Mechanism 


‘The oxidation is carried out in aqueous acetic acid medium and hence the actual reagent is selenious acid, 
H,SeO,, The mechanism is still not clearly known. It is suggested that the reaction proceeds by the attack of 


sselenious acid on the enol form of the substrate to yield selenate ester which eliminates water and selenium 
to give the product. 


Selenato ester 


2. Allylic hydroxylation and oxidation. The methylene or methyl group œ to the most highly substituted end of 
the double bond is hydroxylated according to the order of preference of oxidation СН, > CH, > CH groups. 
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V In cyclolkenes, the ring methylene group at position to the double bond is oxidized to ketonic group. 


Q s 


Cjciobexane. 2:Cyclohexane-1-ona 
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When the cycloalkene is substituted on the double bond, tho methylene group at a-position to the substituted 
‘end of the double bond is oxidized. 


Акусудоћанепе 


(Y) Terminal double bonds are oxidized to primary alcoholic groups along with allylic migration of the 
double bond. 


5002 
ону-сн;-сн;-с!=©н; e CHs~CH2-CH=CH-CH2OH 
Ретеле-1 К 


3. Dehydrogenation Selenium dioxide has been used for dehydrogenation at elevated temperature. 
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4. Asa catalyst. It catalyses the trans-hydroxylation of some unsaturated compounds by hydrogen peroxide. 
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Malaic acid DL-Tartarc aid 
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Oleic acid 9. 10-Dinydroxystoric acid 
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SODIUM AMIDE (SODAMIDE), NaNH; 


Preparation 


This useful reagent is prepared by reacting metallic sodium with liquid ammonia in the presence of ferric 
nitrate. 


Uses 


It finds use in various reactions in which the reacting specles is the amide anion. Some of its important 
reactions are given below, 


1. Dehydrohalogenation of alkyl halides Sodamide is the most commonly used base for the formation of 
triple bonds from suitable alkyl halides, e.g. 


тмин 
R-CH;-G-R or RCH 


HAR R-CEC-R + 2NaBr + 2NH3 
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2. Reaction with terminal acetylenic compounds Terminal acetylenic compounds having acidic hydrogens 
react with sodamide to form sodium acetylenes which may be converted to acids and higher acetylenes. 
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тес add 
Internal acelylenos on heating with sodamide in an inert solvent yield terminal acetylenes, 


‘SODIUM AMIDE (SCOAMIDE), NaN, 2^ 
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3. Formation of nucleophiles Sodamide reacts with compounds having reactive methyl or active methylene 


groups (activated by even a single electron-withdrawing group) to yield anions which act as nucleophiles in 
various reactions, 


(а) Alkylation of acids and ketones 
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4-Phenyl bulanone-2 


(6) Acylation of ketones and nitriles with esters 
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(c) Formation of f-ketoester 
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(d) Formation of a-cyanoester 
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Ethyl carbonate eCyanoester 


4. Cleavage of nonenolisable ketones (Haller-Bauer reaction) Ketones of the type AICOCR, are cleaved to 
give amides, RC.CONH; which are not easily obtainable by other methods. The amides on treatment with 
nitrous acid give tertiary carboxylic acids. 


манна HNO» 
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The starting compound may be prepared by the repeated treatment of acetophenone with МаМН and RI 
(reaction 3a(i above). 
5. Cleavage of ethers Ethers on treatment with sodamide undergo cleavage with the formation о! olefins. 
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Suitable haloethers undergo dehydrohalogenation accompanied by cleavage so that acetylene derivatives 
are formed, 
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Ethoxyacetylene is an useful synthetic intermediate. 
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6, Rearrangement of quaternary salts (Stevens rearrangement) Quatemary salts containing an electron- 
withdrawing group (e.9.. -COR, -COOR, -С;Н elc) on the carbon attached to the nitrogen atom undergo 
rearrangement to tertiary amines on treatment with a strong base such as sodamide. 


treatment with sodamide. 


The reaction is believed to proceed through benzyne intermediate. 
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8. Amination of nitrogen heterocyclics (Chichibabin reaction) Pyridine in toluene on treatment with 
sodamide at 100°C-200°C gives 2-aminopyridine. This is a nucleophilic substitution reaction, The attack ol 
the amide ion takes place at the electron-deficient sites, i.e., at 2-, 4- and 6- positions. 


9. In the synthesis of indigotin Phenyiglycine-o-carboxylic acid, prepared from anthranilic acid and 
chioroacetic acid, on heating with KOH and NaNH gives indoxyl which on oxidation gives indigotin. 


SODIUM BOROHYDRIDE, NaBH, 27 


e cr  NONH, NaOH, KOH SO Од) н 
+ сюн;соон indigotin 
мна * мнсньсоон. 220-2406 ‚7 
н 
Anthrais acid Phenyglyine-c-carbexyle acid indes 


10. Preparation of organo sodium compound Triphenylmethane reacts with sodamide in liquid ammonia 
solution to yield triphenylmethyl sodium which is an effective condensing agent. 
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SODIUM BOROHYDRIDE, NaBH, 


Sodium borohydride is a reducing agent. It reduces by transfer of hydride ions to substrates as in the case of 
lithium aluminium hydride, 


Preparation 
Itis prepared by heating sodium hydride with trimethoxyborane to 250°C. 


аман + BOCH 257. NaBH, "+ зснуона 


The reagent is insoluble in ether but soluble in water or alcohol. Hence, it can be used in hydrolytic solvents, 
e.g. water or alcohol. The reaction is carried out in ethanol or isopropanol. 

It is a milder reducing agent than LIAIH,. Reduction with NaBH, is more selective. It reduces carbonyl 
groups of aldehydes, ketones and acid chlorides in the presence of many reducible groups such as nitro, 
ester, carboxyl, epoxide, nitrile, double bond, etc., which remain unaffected. Double bonds either isolated or 
conjugated are not affected. The reagent is slowly hydrolysed with water. Hence, reductions which are 
resonably rapid can be carried out in water without considerable hydrolysis of the reagent. Thus, water soluble 
sugars can be reduced in aqueous medium, 


Mechanism 
The mechanism of reduction is similar to that of LiAIH,. The reaction proceeds by complexing the oxygen atom 
of the carbonyl group with boron and simultaneous transfer of the hydride ion to the carbonyl carbon. All the 


four hydrogens of the reagent are transferred to the four molecules of the substrate, Subsequent hydrolysis 
gives alcohol. 
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Applications 
Some of its important applications are: 
1. Reduction of carbonyl compounds and acid chlorides to alcohol 
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p Nirchenzaidehyde p-Nitrobenzyl alcohol 


In the above compounds it will be seen that only the carbonyl group is reduced and the other functional groups 
remain unaffected. This high selectivity of NaBH, makes it the preferred reagent for the reduction of carbonyl 
groups in sensitive polyfunctional molecules, 
2. Reduction of carbonyl group to methylene group. p-Tolusnesulphonyl hydrazine condenses with carbonyl 
compounds to give tosylhydrazones which on reduction with NaBH, he су нашы 
e aT e neos НЕ, он, 

 Tesylhyárazone. 


ва 


The method is useful in the synthesis, e.g., ketosteriods, 


3. Reduction of ozonides Sodium borohydride reduces ozonides to two molecules of alcohol and ozonides of 
'cycloolefins to diol 


‘SODIUM BOROHYDRIDE, NaBH, 240 
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4, Reductive alkylation of amines. When aldehyde or ketone is treated with amines (1° or 2°) in the presence 
of NaBH, reductive alkylation occurs. é 
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5, Reduction of carbon-nitrogen double bond Although sodium borohydride does not reduce nitriles, it 
reduces carbon-nitrogen double bond, 


ман _| | 
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6. Reduction of ester groups Ordinarily ester groups are unaffected by NaBH, but in the presence of ШС! or 
AICI, in diglyme (diethylene glycol dimethyl ether) they are reduced to alcohols. 


нген, 
UCIn dglyme. 


Rcoon" RCH20H + R'OH 


7. Hydration of olefins Olefins are hydrated under mild condition without rearrangement in high yield on 
treatment with mercuric acetate followed by NaBH, їп situ’ 
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в. Preparation of diborane Diborane which is used for the hydroboration of alkenes is prepared by reacting 
boron trifluoride with sodium borohydride, 


«ву + 3NaBH, — 282g + 2NaBFa 
Boron tifluorde Diborane Sodium Богов 


Hydroboration is done ‘in situ’ either in THF or in diglyme. 


тн 
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9. Reduction of diazonium borofluoride Diazonium borofluoride сап be reduced with NaBH, in 

dimethyllormamide or alcohol. 
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10. Reduction of azides Azides containing sulphur are not reduced to amines by the usual methods. 
However, sodium borohydride reduces azides to amines. 
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WILKINSON’S CATALYST 


Wilkinson's catalyst is widely used for homogeneous hydrogenation. The catalyst is a complex of the transition 
‘metal rhodium. The name of the complex is tris(uiphenylphosphine)chlororhodium (I) and its molecular 
formula is RhCKPPhy), The three triphenylphosphine (PPh) ligands are bound to rhodium through the 
unshared pair of electrons on phosphorus, 
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Wikinsons catalyst 
Tris (rehenylohosphine) chororesium (1) 


The ligands do not directly participate in the reaction but their presence is absolutely essential—they 
influence the course of the reaction. The function of the metal is to form bonds with the substrate and the 
reagent and thus bringing them near each other for the reaction to follow. 


‘Mechanism 


The catalytic activity is due to the vacant coordination sites in the metal. The active hydrogenation catalyst is 
formed by the addition of a hydrogen molecule to the complex and loss of one ligand (PPh). 
Itis believed that the reaction proceeds in the following steps: 


The complex first exchanges one ligand with a solvent molecule to form RhCI(PPh;)(solvent) which then 
reacts with one molecule of hydrogen to form the dihydrido complex. 


solvent 
Dinyarido complex 
For this the metal uses one of its electron pairs and is itself oxidized from +1 to «3 oxidation state (oxidative 


addition). The energy liberated in the formation of two metal-hydrogen bonds more than compensate the 
energy required to break the H-H sigma bond. 


The active hydrogenation catalyst is now formed. The alkene then forms a x-complex with the metal 
probably by replacing the solvent molecule. 
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(Active тудгодепабоп catalyst) 


Now that both the reactants are bonded to the metal, the two hydrogens are consecutively transferred 
to the alkene carbons. One hydrogen migrates from the metal to one of the alkene carbons and the other 
carbon is bonded to the metal by a o-bond, 


The second hydrogen then migrates to the metal-bonded carbon. The addition being complete, the 


WILKINSON'S CATALYST E 


saturated product leaves the sphere of reaction. Tha catalyst is regenerated and rhodium returns lo +1 state 
again and the reaction continuas, 
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The mechanism is supported by the detection and isolation (in some cases) of intermediates, kinetics studies, 
NMR spectroscopy, etc, 


Stereochemical aspect 


It was observed that maleic acid on hydrogenation with Wilkinson's catalyst, using deuterium (D;) in place of 
hydrogen gave meso-(2, 3-D,)butanedioic acid while fumaric acid under the conditions gave racemic 
butanedicic acid. From this itis concluded that addition of deuterium occurs from the same face of the double 
bond, .e., syn-addition occurs. The reaction і, therefore, both stereoselective and sterecspecific. 

This is explained in the following way: Due to the close proximity of the metal (Rh) and hydrogen in the 
complex, the unsaturated carbons are held from one (or the other) face of the double band by the metal and 
hydrogen in the transition state (I). After the migration of hydrogen to one of the doubly bonded carbons, the 
other carbon is still held from the same face of the double bond by the metal. The second hydrogen is now 
near the front side of this carbon (I) to which it migrates through the transition state (1) to give the 
syr-addition product and regenerated catalyst (IV). 
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Uses 
‘Geometric isomers on hydrogenation with Wilkinson's catalyst having optically inactive ligands give either 
‘meso or a mixture of enantiomers. However, by the use of Wilkinson's catalyst with proper choice of optically 
active ligands, one or the other enantiomer may be preferentially formed (enantioselectivty). 

This method has been employed to prepare L-amino acids which are required for the synthesis of 
proteins. L-Dopa, an amino acid for the treatment of Parkinson's disease, is being prepared on an industrial 
‘scale by this method. 


ороо сно-сн—с009 


сную ONH 
Methosy4-aceloryphanyalanine 
(L-Dopa) 


^ number of optically active ligands have been developed to prepare rhodium complexes ( Wilkinson's 
catalyst) to catalyse many types of reactions and useful results are forthcoming. Thus, Wilkinson's catalyst 
has vast potential. The complex RhH(CO)(PPhs)s. a Wilkinson's type of catalyst, has been found to be more 


efficient than the cobalt complex, Co4(CO), for oxo process. 
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ZIEGLER-NATTA CATALYSTS 


Kuri Ziegler (of Germany) and Giulio Natta (of Italy) developed catalysts which permit stereoregular 
polymerization of alkenes of the type RCH-CH, (where R = Н, alkyl or aryl). 

Ziegler catalysts are a combination of orgenometallics which consists of a complex of triethylaluminium, 
ЕА and a transition metal chloride, ТІСІ,. When these are mixed in a hydrocarbon solvent a heterogeneous 
precipitate develops which catalyses polymerization of alkenes at low temperature and pressure. 

The method consists in passing the monomer, say propylene under 10 atmospheric pressure into an 
inert hydrocarbon solvent containing the catalysts at about 100°C. 


Zegerca 095 бнз 
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Ethylene is polymerized to polyethylene in good yield at atmospheric pressure and room temperature 
by the use of Ziegler process. Isoprene was polymerized by Ziegler catalysts to a substance identical with 
natural rubber. 
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The impact of Ziegler catalysts on polymer chemistry has beon so enormous that Ziegler and Natta were 
jointly awarded the Nobel prize in 1963, Before the development of Ziegler catalysts, nearly all addition 
polymerization involved free radical process with no regard to the stereochemistry of the polymer chain. 
Ziegler catalysts have revolutionized polymer chemistry since 1955. Developments since then has resulted in 
recognizing and gaining control to the stereospecific polymerization. 


Polymer chains with branches or irregularly oriented bulky side groups are unable to lie alongside each 
other for steric reasons. Consequently, they have low crystallinity, are amorphous, low melting and 
‘mechanically weak. 


Polymerization by radical process under high temperature and pressure gives highly branched 
Polyethylene and irregularly oriented side groups (atactic) in polypropylene or polystyrene. In contrast, 
Polymerization by the use of Ziegler catalysts under mild conditions produces unbranched polyethylene and 
slereoregular (isotactic) polystyrene or polypropylene. 


Here in lies the usefulness of Zieglar catalysts which help the stereoregularty in the growing chain of 
the polymer. These stereoregular polymers are crystalline, high melting and mechanically strong. 


Stereochemical aspect 


їп polymers prepared from unsymmetrical ethylenes, e.9.. propylene or styrene, every 
altemate carbon in the chain is asymmetric. 
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For stereochemical purposes the carbon chain may be represented as -d - d - 1-1— . 
The stereochemical sequence of the asymmetric carbons in a polymer chain is described 
by the term ‘tacticity’ which means the placement of the asymmetric carbon atoms in the 


chain. 

If the stereo arrangement of the asymmetric carbons is (i) always the same, ie., 
-d-d-d-d- or -1-1-1-1- it is called fsotactic, (i) allemating, ie. 
-d-1-d-i-d- |- itis called syndiotactic and (ii) random, Le, -d- |- d - d 1-1 1— 
itis called atactic. 


The placement of the asymmetric carbons in the cl acticty has an Important 
bearing on the physical properties of the polymers. Thus, atactic polymers have low 
crystallinity, low melting points and are mechanically weak. In contrast, isolactic polymers 
are crystalline, high melting and mechanically strong. The requirement for crystallinity can 
be satisfied by the stereochemical regularity (isotactic or syndfotactic) in the chain. 


Mechanism 


Not much is known about the mechanism of polymerization by this catalyst, Several mechanisms have been 
suggested but none are so well substantiated. Polymerization by Ziegler catalysts is neither free radical nor 
ionic types. It is probably a coordination polymerization, As to how each monomer unit adds to the growing 
chain is not clearly understood. 

Ziegler catalysts are a combination of aluminium alkyls (e.9., Et,Al) and a transition metal halide (2.9., 
тїс\,). Probably, triethylaluminium reduces the transition metal to a lower valence state producing titanium. 
trichloride, diethyl aluminium chloride and an ethyl-free radical which combine to form the complex, the active 
catalysts. The active catalysts (hetereogeneous precipitate) is suggested to be an octahedral complex of 
titanium with а vacant coordination site and an ethyl group bonded to Ti. 


Vacant for coordination 


In the generally accepted mechanism, it is suggested that the monomer coordinates at the vacant site 
ol the metal with its pi-clouds to form a pi-bond, Now that both the monomer and the ethyl group are held very 
close to each other by Ti, the monomer inserts itself between the metal and the ethyl group to form a 
four-carbon chain. The coordination site is now vacant for the coordination of another monomer unit and the 
process is repeated. 
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The metal complex with the growing chain probably influences the incoming monomer molecules to fell 
in the pattern and hence the stereoregularity. The growing chain of the polymer separates from the metal 
probably through the insertion of a hydrogen. 


Applications 
Polymers obtained by the use of Ziegler catalysts are superior to those obtained by the free radical process. 
(1) It produces linear polymers without branching and gives stereoregular (isotactic anc syndiotectic) 
polymers which are more dense, crystalline, high melting and mechanically strong. Polypropylene 
obtained by the use of Ziegler catalysts is extensively used for the preparation of sheets, pipes, 
synthetic fibres, domestic articles for everyday use, etc. 
(2) The copolymer of ethylene and propylene prepared by the use of Ziegler catalysts is an excellent 
elastomer. 
(3) The catalysts permit stereochemical control about the carbon-carbon double bond. Isoprene has 
been polymerized to all cis-1, 4-polyisoprene, a substance practically identical to natural rubber. 
(4) Metal alkyis, obtained in the process, on heating їп the presence of ethylene and nickel catalyst give 
straight chain 1-alkenes of even number of carbons. 
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These alkenes are used for the manufacture of detergents on a commercial scale. 
(Б) The metal alkyis on heating in the presence of air give oxides which on hydrolysis give primary 
alcohols of straight and long chain. 
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H-O-(CH2—CHy)-CHCHy 


‘The alcohol may be transformed into various products. 
With Ziegler catalysts, polymers with carbon chain of six to twenty carbons are obtained. 


Appendix A 
Some More Reactions and Rearrangements 


CHICHIBABIN REACTION 


Aminalion of pyridine and other nitrogen heterocyclics by alkall-metal amides e.g., sodamide is called 
chichibabin (Tschlischibabin) reaction, 
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2-Aminopyricino 2-Amminoqunoine 


The amino group Is substituted at position-2 (and -6) and when these positoins are occupied the amino 
group is substituted at position-4. 

In practice, pyridine dissolved in toluene is heated (100-200°C) with sodamide when hydrogen is 
evolved and tho sodium salt of 2-aminopyridine is obtained. The latter on hydrolysis with water gives 
2-aminopyridine. Excess of sodamide produces 2, 6-diaminopyridine. 


Mechanism 
Dua to heavier nuclear charge on the nitrogen atom compared to carbon atoms, the loose r-electrons of the 
ring are polarized towards the nitrogen atom. Hence the ring carbons are electron deficient. The electron 
deficiency is more marked at positions-2, -4 and -6. 

This will be evident from its resonance structures. 
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Hence, pyridine undergoes nucleophilic attack by powertul nucleophiles e.g., NH, at these positions. 


The reaction occurs by an addition-elimination mechanism. The leaving group is the hydride ion which 
combines with a proton from the initial formed aminopyridine to evolve hydrogen. The sodium salt of 
2-aminopyridine on hydrolysis with water gives 2-aminopyridine and NaOH. 


@ ا‎ Ge: С.г Сое Са 
E Y Y 


2-Aminopyridino 


Na) 
Formation of the intermediate ion such as () for quinoline has been substantiated by NMR spectra. 
The nitrogen in the ring of pyridine serves the same general purpose In substitution as do the oxygen of 
the nitro group in nitrobenzene, 


An analogous reaction is Ziegler alkylation which involves alkylation of nitrogen haterocyclic 
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Aminoheterocyclic nitrogen compounds are important synthetic intermediates e.g., 2-aminopyridine is 
used in the preparation of the drug, sultapyridine, 


Quinoline is aminated at position-2 and isoq 


‘compounds with alkyl lithium. 


‘line is aminated at position-1. 


BOUVEAULT-BLANC REDUCTION 


Aldehydes, ketones or esters are reduced to alcohols on treatment with excess of sodium and alcohol. This is 
khown as Bouveault- Blanc reduction. 
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Mechanism 
It was thought earlier that this reduction occured through nascent hydrogen produced from sodium and 
alcohol. It is now believed that the reaction occurs in several steps involving the transfer of electrons from the 
metal to the substrate one at a lime. 

In protonic solvents e.g., alcohol, atoms of strongly electropositive metals (Na, K, etc.) produce solvated 
electrons. 
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These electrons act as nucleophiles and add to the carbonyl carbon of the ester to produce radical 
anion (I). The latter reacts further with sodium to yield the divalent anion (II. Protonation of (I by alcohol and 
‘subsequent expulsion of ethoxide ion produces an aldehyde. 


Repetition of the above sequence of reactions give alcohol, 


‘The solvent is vary important since aprotic solvents such as ether, benzene, toluene favour acyloin 
formation. It has been found that sodium hydride in place of sodium, gives better yield, 


In the commercial reduction of esters, methyl-isobutyle alcohol is used, 


NEBER REARRANGEMENT E 


Applications 


The method has useful applications in synthesis. It has been applied to reduce esters to alcohols and during 
the synthesis of тапу natural products e.g., cadalene, eudalene, abietinol etc. The double bonds in the 
substrate remain unaffected. 


Bouveaull-Blanc method has now been largely reduced by LiAIH, bul this method is still in use where 
selectivity is required. 


NEBER REARRANGEMENT 


Preparation of a-aminoketones by the treatment of ketoxime tosylates with a base such as alkoxide ion or 
Pyridine and subsequent hydrolysis is known as Neber rearrangement. 
е 
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Note 2907 нн: б 
The group R' is generally aryl but it тау be alkyl or hydrogen and group R may be alkyl or aryl only. 
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Mehanism 


The reaction is a base-catalysed intramolecular elimination of tosyl group with the formation of azirine 
(azacyclopropene) intermediate which has been isolated. Subsequent hydrolysis of azirine affords 
araminoketone. 
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Айе intermediate 
hein phar l-azacyclo propano) 
Isolation of azirine substantiates the mechanism. Nucleophilic elimination of tosy! group and formation of 
azirine may be concerted or stepwise i.e., formation of azirine via the formation of nitrine, 
Sca — 
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When there are acidic hydrogen atoms on both the a-carbons as in unsymmetrical ketones, the amino 
group is substituted to the carbon bearing the more acidic hydrogen. 

Unlike Beckmann rearrangement, both syn and anti keloximes undergo this rearrangemet i.e., the 
reaction is non-stereospecifio. Analogous rearrangement is observed in N, N-dichloroamines of the type 
R'CH.CH(NCLJR to R’CH(NH,)COR. On treatment with base the compound first forms chloroimine with the 
loss of HCI. 
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‘Amino ketones have important synthetic applications. 
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HOFMANN-MARTIUS REARRANGEMENT 


Mono and dialkyl aniline hydrochlorides or bromides as also quaternery salts of aniline on strong heating 
(200-300°C) undergo rearrangement which involves the migration of the alkyl groups from the nitrogen to the 
para position and if the para position is occupied, then to the ortho position of the aromatic ring. This Is known 
as Hofmann-Martius rearrangement, 
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Mechanism 

The mechanism of the reaction has been advanced by Huges and Ingold based on the suggestion of 
Hickinbottom. During the rearrangement the formation of alkyl halide and olefin were detected. Hence, the 
reaction probably proceeds through the initial formation of alkyl halide intermediate. The carbocation from the 
initially formed alkyl halide then can undergo elimination to give olefin or may attack the ring to give alkyl 
substituted arylamine. Thus the reaction в intermolecular. 
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The mechanism is supported by the observation that if the alkyl group is primary it undergoes 
isomerisation before attacking the ring. 
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Thus formation of (1), (1) and (IV) can only be explained due to the formation of the intermediate (I) 
derived from N-lsobuty! anilinium bromide. 

Rearrangements of this kind — groups from the N-atom migrating to the ring — have been observed in 
aniline derivatives. Thus, Orton rearrangement involves migration of chlorine to the ring carbon, e.g., 
N-chloroacetanilide to p«chloroacetaniide. Fischer-Hepp rearrangement involves migration of NO (nitroso) 
group. 

CHsCONGI NHCOCHS CHi-N-NO снуңн 
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Quaternary salts of pyndıne also undergo analogous rearrangement. Pyridine metholodide on strong 
heating gives 2- and 4-melhylpyrdine hydrochlonde 
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COPE REARRANGEMENT 


Cope rearrangement involves the thermal isomerization of 1, 5-dienes with shift of double bonds and breaking 
01 3,4-c-bond. Any 1, 5-diene undergoes this rearrangement. 


TC eT 


3,4-Dimolhy-t, S-hoxadene 
[] ur 
The reaction is reversible and produces an equilibrium mixture of the dienes. That isomer, however, 
predominates which is thermodynamically more stable. The reaction is facile (occuring at lower temperature) 
when there is a phenyl or carbethoxy group at 3- or 4-positions. This is due to conjugation of the groups with 
the double bonds in the product with consequent stablizatoin. When catalysed by transition metal compounds, 
Cope rearrangement of simple 1, 5-dienes can occur at room temperature. 
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Mechanism 


The rearrangement is intramolecular since no cross over products were obtained on heating two different 
1, S-dienes. Stereochemical studies (Doering and Roth) indicate that the reaction proceeds via a сусіс 
six-carbon transition state in the chair form. This was concluded from the stereospecific nature of the 
rearrantgement. For example, the meso isomer of (I) on heating gave 99.7% cis-trans olefin. This is only 
possible if the transition state of the meso isomer is in the chair form in which one methyl group is on the axial 
and the other methyl group is on the equatorial bond. Thus, 


азата, 6-Octadiane (99.7%) 


If the cyclic T.S. had been in the boat form, the product would be either cis-cis or trans-trans, since there 
are two boat forms for the meso-isomer. 


For the DL pair (racemic) there are three possible conformations of the T.S. 
(i) one boat form which would give cis-trans olefin, 


(î) one chair form with diaxial methyl groups which would give cis-cis product (less stable due to diaxial 
interaction) and 


(ii) another chair form with diequatorial methyls which could give trans-trans product" 
In practice the product from DL-somer (III) is mainly trans-trans olefin (iv). 
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Itis therefore suggested that the isomerization proceeds via a cyclic six-carbon T.S in the energetically 
preferred chair conformation. The mechanism of Cope rearrangement is similar to Claisen rearrangement 
which involves six-centered rearrangement of five carbons and one oxygen. 


When there is steric restrain to the formation of six membered cyclic T.S. the reaction may proceed 


through radical pathway (Hammond and De Boer). Thus, cis-1, 2-divinyleyclobutane (V) rearranges through à 
boat-like six-carbon cyclic T.S. to yield 1, 5-cyclooctadiene (VI). 


272-0 


However, the trans 4somer (Vil) unable to attain the cyclic T.S. due to strain, rearranges via a radical 
pathway to give a mixture of (VI) and 4-vinyicyclohexene (VIII), the latter being the major product. 
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[7] 
Divinylcyclopropane similarly undergoes the rearrangement with ring expansion by four carbons. (Vogel 


«al Co 


‘Thus, Cope rearrangement may involve either concerted or biradical mechanism the latter preferred by 
some substrates. The biradical two steps mechanism may be formulated as below for 1, 5-diene. 


-9-9 
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It is seen that 1, 6-bond is formed belore the breaking of 3, 4-bond. There is yet another suggestion 
involving diionic mechanism (Gompper and Ulrich). 


Cope rearrangement is not reversible when there is а hydroxy substituent at 3- or 4-position in 
1, 5-dienes since the product tautomerizes to stable aldehyde or Ketone. 
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This is known as oxyCope rearrangement (Berson and Jones). The reaction has great synthetic 
importance. 


It is seen that Cope rearrangement of symmetrical 1, 5-dienes gives the product which is 
indistinguishable from the starting material, This is known as degenerate Cope rearrangement. 


CSI 


Similarly, degenerate carbocation rearrangement is also known 
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Spectral analysis indicate both A and B exist as equilibrium pair. 


Cope rearrangement is also observed with conjugated triones with the difference that the 3, 4-bond 


changes from double to a single bond. 
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Tha reaction has been utilized to prepare biphenyls (Edmunds and Johnstone) 


Vm 


Closely related to the Cope rearrangement is the ring expansion by two carbons of vinylcycloalkanes of 
small rings via a four-centered T.S. (Overberger & Borchert) 


The driving force of the rearrangement may be the strain in the small rings, 


Cope rearrangement does not occur if one of the double bonds is a part of an arom 
4-pheny-1-buleno. eng eds 
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EXERCISES (CHAPTER 1) 


. Which canonical form in each of the following sets is the major contributor to the respective hybrid? 


А о 9 
û) снг=сн: ae Сн-Снь 


е өө 
@ -po-— r9 9 


ө o Ф e 
(li) CHa=CH-CH=CHa ae сну=сн-Сн-©нг—»* CH2-CH=CH-GHe 


f Ф Фе 
(iW) снз-С-нну*—=сну-фумн;*—= CHa G=NHe 


Give proper signs between the two sets in each of the following and describe the phenomena. 
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In which of the two sets is resonance stability greater and what is the consequence? 
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Classify the following reactions and give the mechanisms of the reactions. 
н2804 liq NHa 
Сан + HNOs e cgHsNOz: CoHsCI + NaNHa Ae ogHsNH: 


Mea CBr + NaOH ——* MasC(OH); CHICHO + NH2OH ——* CHsCH=NOH 
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Explain: 

(а) Aniline is a weaker base than cyclohexylamine. 

(0) In water 2" amine is a stronger base than 3* amine. 

(c) Formic acid is stronger than acetic acid. 

(9) Propenoic acid is stronger than propanoic acid 

(e) The order of =| effect of hybrid orbitals is sp > sp’ > sp’. 

(f) Phenol is acidic but ethyl alcohol is neutral. 

(g) Phenol is a weaker acid than acetic acid. 

(a) What is the major product of dehydration of 3-hydroxy-4-methylpentanal? Give reasons. 

(b) What product is obtained on treating benzene with iodinemonochloride in the presence of Lewis acid? 
(c) Explain the addition of HBr in 1, 3-butadiene, 

(a) 2,8-Dimethylpheny! acetic acid is esterified under normal conditions but 2,6-dimethylbenzoic acid is 
esterified under drastic conditions, why? 

(b) Arrange alkyl, viny! and acetylide carbanions in order of stability, and explain. 

What products are obtained on (i) treating neopentyl bromide with EIONa and with EtOH, and (i) addition 
of HBr to propylene and to vinyl bromide. 

Give the mechanism of addition of bromine to cis-2-butene and trans-2-butene. 

When C = C and C = О are conjugated in a compound, nucleophilic addition occurs in C = C, why? 
Write short notes on S, 5,2 and Sj mechanisms. 


. Discuss Hofmann rule. How has it been used in the structure determination of heterocyclic compounds? 


Discuss the stereochemistry of 52 reaction. 
What predominant products (i.e. o-/p- ог m-) are obtained on nitration of chlorobenzene and chlorination 
of nitrobenzene? 
Give the energy diagrams of (i) Sy! vs 52 for the hydrolysis of 1° halides and 3° halides, and 
(i electrophilic substitution in benzene with (a) activating and (b) deactivating groups. 

эө ө 
Explain: (a) The nucleophilicity order of halides is | > Br > Cl in protic solvents but the order is reversed 
in aprotic solvents. 
(b) Pure racemic modification is not obtained in S, reaction. 
Write notes on (i) hybridization, (i) inductive effect, (ii electromeric effect and (iv) resonance. 
Give the mechanism of nitration of phenol. 
(а) Arrange the following compounds in order of increasing reactivity towards electrophilic substitution: 
benzene, nitrobenzene, chlorobenzene, toluene and phenol. 
(b) Acetanilide is less reactive towards electrophilic substitution than aniline, why? 
Explain: (a) More than one equivalent of AICI, is used in Friedel-Crafts acylation (b) Nitrobenzene is thè 
favoured solvent in Friedel-Crafts reaction (с) Polyacylation is по! observed in Friedel-Crafts acylation 
Give the mechanisms of addition-elimination and elimination-addition of nucleophilic aromatic 
substitution, 
Place the groups -OH, -С\, -NHz, -NO;, -CHO, -COOH and -OR in the following three catagories: 
() ofp-directing with activation 
(ii) o-/p-directing with deactivation 
(ii) m-directing with deactivation 
Write brief notes on Saytzev elimination and Hofmann elimination, 
What products are obtained on treatment of neopentyl bromide with (î) alcohol, and with (i) sodium 
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ethoxide? Explain the reactions. 

Elimination of HCI from the [PHisomer of hexachlorocyclohexane s very much slower than from its other 
isomers, why? 

(а) Discuss briefly the stereochemistry of carbocation rearrangements. (b) Give all the products obtained 
‘on deamination of (i) cyclobutylamine and (i) cyclobutylmethylamine, with HNO;. 

Explain: 

(а) Aldehydes are more reactive than ketones. 

(b) The enolate form of EAA is less soluble in water but more soluble in cyclohexane. 

(c) oHydroxybenzoic acid is stronger acid than its other isomers. 

(9) Elimination of HCI from chlorofumaric acid is faster than from chloromaleic acid. 

Write short notes on E1, E2 and EIcB mechanisms. 

Explain: 

(a) The stereochemistry of nucleophilic addition to carbonyl group. 

(b) The reaction of p-chlorotoluene with strong NaOH at elevated temperature, 


EXERCISES (CHAPTER 2) 


Discuss the mechanism and applications of the following rearrangements: 
(а) Allylic, (b) Beckmann and (c) Hofmann. 
Discuss the acid-catalysed rearrangement of 1, 2-diols to ketones. Describe its synthetic applications. 


. Define and discuss the mechanism of Cannizzaro reaction and give an account of its applications. 


Explain why p-dimethylaminobenzaldehyde does not undergo Cannizzaro reaction 


i. Describe the mechanism and some important applications of any three of the following rearrangements: 


(a) Hofmann (b) Wagner-Meenwein (c) Curtius (d) Claisen (e) Pinacol-Pinacolone 


. Explain allylic rearrangement. Discuss S,1*, $,2" and Sy’ reactions involved in allylic rearrangement. 


Мате any three reactions which involve rearrangement of electron-deticient carbon. Discuss the 
mechanism and applications of any two of them. 

Define and discuss Aldol condensation. Give the mechanism of the reaction and йз important 
applications. 


1. (a) Discuss acyloin condensation between esters of monobasic acids and between esters of dibasic 


acids. Give the mechanism. 
(b) Mention the products obtained when diethyl sebacate is treated with (i) sodium and alcohol and 
@) sodium in the presence of tolune and then with acetic acid. 


. How will you establish the intermediate formation of a сусіоргорапопе ring in Favorskil rearrangement? 


How does such an intermediate, cyclopropanone ring open when the ring is unsymmetrically 
substituted? 

Compare Friedel-Crafts alkylation and acylation. With the help of Friedel-Crafts reaction how will you 
synthesize naphthalene and phenanthrene? 


. () Give the mechanism of the reactions when benzene Is treated with (a) t-butyl chloride in the presence 


ol aluminium trichloride and (b) 2-methyl propylene in tha presence of sulphuric acid. 
(î) What products are formed when t-butyl benzene is treatod with bromine in the presence of aluminium 
trichloride? Suggest the mechanism, 

(а) ‘In Friedel-Crafts acylation the prosluct, katona, complexes with aluminium trichloride’, This is а boon 
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rather than a nuisance, why? 

(5) More than one molar proportion of aluminium trichloride is required in Friedel-Crafts acylation, why? 
(c) Give the synthetic applications of Friedel-Crafts acylation 

Discuss Mannich reaction indicating the components and the mechanism of the reaction. Mention some 
important synthetic applications. 

Discuss the mechanism of Wolff rearrangement. How has the reaction been utilized in Amdt-Eistert 
homologation of acids. 

‘Write explanatory notes on 

(а) Clemmensen reduction, (b) Wolff-Kishner reduction and (c) Meenwein-Ponndort reduction. 
‘Compare their merits, 

How will you establish that in Beckmann rearrangement, the group trans (syn) to the hydroxyl group 
migrates? Mention the important applications of Beckmann rearrangement. 

Describe Claisen condensation, Give the mechanism of the reaction. Esters having only one a-hydrogen 
undergo Claisen condensation only in the presence of a very strong base (e.9., sodium triphenylmethy], 
why? What is the essential difference between Aldol and Claisen condensations? 

Write the important resonance structures of diazomethane. Give the mechanism and applications of 
Armdi-Eister synthesis and show how diazomethane is used in preparing the intermediates di- 
azoketone in this synthesis. 

Define and discuss the mechanism of Cannizzaro reaction mentioning crossed and intramolecular 
Cannizzaro reaction. How has it been established that a direct transfer of hydride ion takes place from 
опе aldehyde to the other? Give some of its applications, 

Discuss the mechanism of Clalsen condensation. How will you synthesize a B-ketoester without 
hydrogen? Give examples of crossed Cleisen condensation between an ester having a-hydrogen and 
an ester having no o-hydrogen. 

Discuss the mechanism of the following: 

(а) Perkin reaction, (b) Benzoin condensation and (с) Mannich reaction. 

Name the reaction and give the mechanism which involves the conversion of a ketone to an ester with 
peracids. How has it been proved that the oxygen of the ketone is present as the carbonyl oxygen of the 
ester? Why is trifluoroacetic acid more effective for the transformation than other peracids? Give some 
of the applications of this reaction. 

Discuss the mechanism and applications of any two of the following reactions: 

(а) Perkin (b) Michael (c) Wittig (d) Mannich (с) Reimer—Tiemann 

How is Wittig's reagent prepared? How does it react with aldehydes and ketones? Give the mechanism 
and applications of the reaction. 

Describe Favorskil rearrangement of open chain and cyclic o-haloketones, 

Give all the steps for the transformation of 1, 3-dibromo-3-methyl-2-butnone to [methyl crotonic acid 
under Favorskil conditions, 

Define, giving the mechanisms of the reactions involved and some important uses of the following: 

(а) Claisen condensation, (b) Claisen rearrangement and (c) Claisen-Schmidt reaction. 


What products are obtained when hydrazoic acid in tho presence of sulphuric acid is allowed to react with 


@ carboxylic acids, (i) aldehydes and (ii) ketones. Name the reaction and give the mechanism in each 
сазе. 

Mention briefly the types of the two components which may be used in a 4 + 2 cycloaddition reaction 10 
‘obtain varied types of six-membered rings. Give the mechanism involved and the scope of the reaction. 
Discuss any two of the following reactions giving the mechanism and some of their important synthetic 
‘applications: 
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(a) Mannich reaction (b) Reformatsky reaction (c) Sommelet reaction 
Discuss Diels-Alder reaction. Give the mechanism of the reaction and its synthetic applications, 


Describe any three of the following giving the mechanism and important applications: 
(а) Fries rearrangement (b) Oppenauer oxidation (с) Ullmann reaction (d) Benzilic acid rearrangement 


Name three important rearrangements involving electron-deficient nitrogen. Discuss their mechanism 
and synthetic applications. 


EXERCISES (CHAPTER 3) 


+ Discuss the preparations and important uses of any three of the following reagents: 


(а) Diazomethane (b) Peracelic acid (c) N-Bromosuccinimide (d) Lead tetraacetate (e) Lithium 
aluminium hydride 

Discuss the important synthetic applications of the following organic reagents: 

(а) Selenium dioxide (b) Raney nickel (с) Hydrogen peroxide (d) Osmium tetroxide 

Give the preparations, important uses and the mechanism of the reactions brought about by any three of 
the following reagents: 
(а) Periodic acid (b) Lead tetraacetate (с) Lithium aluminium hydride (d) Sodium borohydride 


. How is diazomethane prepared and stored? Write the important resonance structures of diazomethane. 


Give the mechanism of methylation of phenols, alcohols, amines and acids with diazomethane, 
Discuss the important uses of the following: 

(a) NBS (b) Fenton's reagent (c) Dicyclohexylcarbodimide (d) Anhydrous aluminium trichloride 
(e) Sodamide 

Give the preparation of periodic acid. Ilustrate with examples ils use in oxidative cleavage of adjacent 
oxidizable groups and the mechanism involved. How has it been used in the determination of the size of 
oxide ring of glucose? 

Write short notes on: 

(a) Aluminium isopropoxide (b) Sodium borohydride (c) Osmium tetroxide (d) Raney nickel 
(6) Anhydrous aluminium trichloride 

Describe the preparations and important applications of the following organic reagents: 

(a) Sodamide (b) Raney nickel (c) Lead tetracetate (d) Dicyclohexylcarbodiimide 

Discuss the uses of any four of the following: 

(a) Hydrogen peroxide (b) Sodamide (b) Sodium borohydride (c) Fenton's reagent (d) Periodi 
(е) Selenium dioxide 

Iustrate with examples the specific uses of the following: 
(8) Selenium dioxide in the oxidation of the active methylene groups, allylic hydroxylation and 
dehydrogenation 

(b) Raney nickel for the synthesis of higher fatty acids through desulphurization 

(с) Periodic acid in the determination of the size of the oxide ring of carbohydrates and in the structure 
determination of chloromycatin 

(d) Diazomethane in methylation of carbonyl compounds, synthesis of pyrazoline and in the estimation 
of amino acids 

(е) Lead tetraacetate as acetoxylating, methylaling and oxidizing reagent 

(а) Discuss the use of periodic acid їп the (i) determination of the size of the oxide ring of sugars 
(i) oxidation of exacyclic double bond and (ii) estimation of amino acids. 
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(b) How will you detect potassium in the presence of sodium by the use of boron trifluoride? 

How will you bring about the following transformations by the use of suitable organic reagents? 

(a) Cyclohexene to benzene 

(5) Ketones to higher ketones and epoxides 

(c) Benzene to tropilidene 

(d) Maleic acid to meso-tartaric acid 

(е) o-Diamine to dinitrile 

() Cyclohexene to hexan-1, 6-diol 

Write short notes on: 

() Ziegler-Natta catalysts (i) Wilkinson's catalyst 

What is meant by the term ‘tacticty’? Describe briefly the preparation, mechanism of reaction and some 

important uses of Ziegler-Natta catalyst, 

Describe the preparation of Wilkinson's catalyst and the mechani 

Describe te Pee 9 Winns oa ism of hydrogenation of alkenes by this 
ana 


Simple Problems and Their Solutions 


[Students are advised not to look up the solutions before trying. In case of difficulty they should look up the 
appropriate section in the text, think and then try to solve the problem. Only after this they should look ир 
the solution] 


1. How will you distinguish between 
(a) methyl alcohol and ethyl alcohol. 
(b) 1-ргорапо! and 2-propanol 
(c) diethyl ether and mbuty! alcohol. 
(d) ethane, ethylene and acetylene 
(е) t-butyne and 2-butyne 
Ethyl alcohol has a higher boiling point than diethyl ether. Why? 
Compare the basicity of aliphatic and aromatic 1° amines. 
An alkane of mol, wt. 84 gives one monochloro derivative. What is the structure of the alkane? 
Amongst a group of isomeric amines, tertiary amine has the lowest boiling point. Why? 
How will you obtain 1, 4-pentadiene and trimethyl amine from pyridine? 
Mention the products formed on treating cyclobutylamine with nitrous acid. 
The hydrogen atom of the carboxyl group is more easily replaced than the hydrogen of the alcoholic 
group. 
9. 1, 2-dimethy! ргорапоц) on dehydration with sulphuric acid gives 2-methyl butene-2(l) as the major 
product. Why? 
10. How is methylene cyclohexane obtained from cyclohexanone? 
11. The base strengths of 3° amines are less than that of 2° amines. Explai 
12. Amides are practically neutral. Why? 
43. o-hydroxy benzoic acid is a stronger acid than its Isomers. Why? 
14. Which of the two carbocations is more stable, State reason. 
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CH-ÓH-CH, сңесн-бн, 
m a 


15. Explain with an example what is meant by elimination. 
16. Give the mechanisms of acid-catalysed and base-calalysed dehydration of an alcohol. 
47. Phenol is acidic but ethyl alcohol is neutral. Explain. 
18. Arrange the following in order о! increasing rates of addition: 
сњ-Снь MeCH=CHMe, Ma,C-CMos, CH=CH-COOH, кон-Он, 
' 


гю REACTIONS, REARRANGEMENTS AND REAGENTS 


19. Mention the products and tho rulo governing the formation of the products. 


Mo с 
ме-©—6—ме He 2 + 7 
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20. М, N-dimethylaniline undergoes ready coupling but Its 2, 6-dimethy! derivative does not. Why? 
21. Complete the following reactions: 


[ur EL 
( ^ &—co-co-& + wo, 2e y + y 
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(ii) R—CHOH—cH—cHoH—R “©, у 
How is exocyclic olefinic bond oxidized? 
How will you bring about the following conversions? 
(i) Cyclohexene to cyclohexene-I-one. 
(i) Acetic acid to succinic acid 
(iii) Maleic acid to DL-Tartaric acid 
(iv) Pyridine to 2-Amino Pyridine 
(V) 3, 4-Dimethyl- 1, 5-hexadiene to 2, 6-Octadiene 
24. Acetyl chloride has lower bolling point than acetic acid. 


вв 


Solutions 

1. (a) Ethyl alcohol gives a yellow crystalline precipitate of iodaform with alkaline iodine solution while 
methyl alcohol does not. 
(0) t-propano is а 1° alcohol and reacts with Lucas reagent (ZnCl, / HCI) to form an alkyl halide only on 
heating. 2-propanol is a 2° alcohol and reacts with Lucas reagent after some time (5 minutes) to form an 
аку halide which being immiscible in 2-propanol forms a cloudy liquid. 3°alcohol reacts immediately to 
give an alkyl halide at room temperature. 
(c) mbutyl alcohol reacts with sodium to give bubbles of hydrogen gas due to its OH group. Diethyl ether 
does not react with sodium as it has no OH group. 
(д) Ethylene and acetylene being unsaturated, add bromine but ethane is a 
зо does not add bromine, Acetylene gives silver acetylides with AgNO, 
does not. 
(e) A t-butyne (CHC = CH) like acetylene gives а red precipitate with ammoniacal cuprous chloride 
solution and a white precipitate with ammonlacal silver chloride solution. 2-bulyne (СНС = ССН) 
having no acidic hydrogen does not react with these reagents, 


2. Inan alcohol a hydrogen atom Is covalently linked а strong electronegative O-atom, Tha a-bond is thus 


distorted towards the O-atom resulting in a polar bond. This polarity in the ©- bond causes association 
ol alcohol molecules. The unusual igh boing point of an alcohol is due to the energy require o break 
the H-bond and vaporize the alcohol moleculas. Diethyl other has no polar bond Wr anecislos ard 
hence has a relatively low boiling point 


saturated hydrocarbon and 
/ NH, solution but ethylene 


EXERCISES (CHAPTER 3) m 
3. The lone pair of N-atom of aromatic amines is involved in resonance with the ring and hence is not easily 


available for protonation, On the other hand the lone pair of the nitrogen atom of aliphatic amines are. 
freely available for protonation. Hence aliphatic amines are relatively more basic than aromatic amines. 
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Aromatic amine 
4. The general formula of an open-chain alkane is C,Han, 2 and that of a closed-chain alkane is C, Ho, 
When the alkane is an open chain When the alkane is a closed chain 
Chansa = 84 CHa, = 84 
or 12n+2n+2=84 ог 12n+2n=84 
or 14n=82. ог п=6 


ҖЕ (nota whole number) 


Hence, the compound is not an Hence the compound is a 

open-chain alkane. closed chain of 6 carbons. 

Therefore, the compound is cyclohexane which can give only one monochloro derivative as all the twelve 
hydrogen atoms are equivalent. 


5, Primary and secondary amines having polar bonds @ - 5 {form intermolecular hydrogen bonding, while 
tertiary amines having no hydrogen atom on the N-atom cannot form an H-bond. Thus 1° and 2° amines 
are associated and need higher energy to break the H-bond and vaporize the liquid. Hence 1° and 2° 
amines have higher b.p.'s with respect to 3° amines in a group of isomeric amines. 

6. See page 65; Hofmann elimination 

See page 70. 

8. The hydrogen atom of the carboxyl group is easily replaced since the carboxylate ion is resonance 
stabilized on the departure of hydrogen. 
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Hydrogen atom of tho alcoholic group is however not easily replaced since the charge on the alkoxide ion. 
is localized and has no factor for stability. 
9. See page 18. 

10. See page 183; Wittig reaction 

11. The base strength of amines in water is due not only to the electron availablity on the nitrogen atom, but 
also to the extant of solvation by hydrogen bonding of the cation formed by the uptake of a proton. The 
solvation then depends upon the number of hydrogen atoms attached to the nitrogen atom. Itis seen that 
the cations of 2° and 3° amines have each two and one hydrogen atom respectively. Therefore, the 
basicity order is 2° amine > 3° amine. 
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Protonated amines 


12. 


13. 


14. 


15. 


16. 
17. 


REACTIONS, REARRANGEMENTS AND REAGENTS 


This is, however, true only in protic solvents. In aprotic solvents (е.0.. chlorobenzene) the basicily order 
is 1° < 2° <3° amines. 

The basicity of nitrogeneous compounds depends on the availability of the lone pair of the N-atom. 
Amides are resonance hybrids of the following structures: 


The shift of electrons from nitrogen to oxygen results in a (+) charge on the N-atom. The lone pair of 
electrons of the N-atom is therefore less available for protonation, i.e. amides are practically neutral. 
The ionization of o-hydroxy benzoic acid is promoted due to stabilization of its anion by intramolecular 
hydrogen bonding, 


The intramolecular H-bonding is not possible in its other isomers in which the OH and СООН groups are 
far apart for H-bonding. 

Hence itis the strongest acid of the three isomers. 

The stabilities of ions depend upon charge delocalization through inductive effect, no bond resonance 
(hyperconjugation) and resonance. In (1) two +1 effects are operating for stabilization as also six feeble 
hyperconjugative effects. On the other hand cation (2) is stabilized by strong resonance energy of two 
equal energy structures. 


сн,-сн-бн, — OH-CH-CH; 
Hence, carbocation (2) is more stable than the carbocation (1). 
Hofmann elimination is known as f-eliination. The reaction involves abstraction of a proton from the 
B-carbon with the simultaneous expulsion of the leaving group. 


їп case of alternate B-hydrogen atoms, the most acidic of the two hydrogen atoms is abstracted by the 

base. (For further details see page 64.) 

See page 82. 

See page 17 also. 

Both phenol and phenoxide ions are resonance hybrids. Charge separation in the resonance structures 

‘of phenol makes it less stable than the phenoxide ion where charge delocalization is observed. Hence 

phenol prefers ionization, i.e., it is acidic. 

The ionization of alcohol gives alkoxide ion which has no stability because the charge cannot delocalize. 
R-OH= RÓ«RH 

Hence, alcohol is neutral. 

See page 35. 

See page 60. 

See page 20. 


. See page 231 


SIMPLE PROBLEMS AND THEIR SOLUTIONS E 


22. Periodic acid has no reaction on olefins. Hence olefins are first hydroxylated lo 1, 2-glycols and then 
oxidized with periodic acid to carbonyl compound. 


23. See page 238, 239, 242 and 257. 

24. Since acetyl chloride has no hydroxyl group, intermolecular hydrogen bonding is absent and hence the 
association of molecules is also absent. Therefore they are low boiling. On the other hand intermolecular 
hydrogen bonding in acid molecules through the hydroxyl hydrogen and carbonyl oxygen makes the 
acids higher boiling. 


